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and 
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V/ho Taught 
By Example 
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1. INTRODUCTION 
RGSOurce productivity is important not only to individuals but to 
society as a whole. It provides the basis of measurement of economic 
efficiency which in turn largely determines the level of material well-
being of the community*^ Eeonomio efficiency includes two componentst 
(l) the degree of attainment of the maximum product forthcoming from 
given resources* or conversely, minimum resource outlays required for Q 
given level of production with the product consistent with community 
tastes and (2) the optimum allocation of the product (and income) among 
individuals. These may be considered at a single point in time, or in 
the longer run, the concept of efficiency may be extended to include the 
degree of employment and development of potential resources and the degree 
of attainment of an ideal and stable income distribution. In the short 
run the degree of employment of available (and developed) resources is 
pax*t of the problem of optimum resource allocation. 
The problem of economic efficiency is not independent of moral or 
ethical considerations sinoe, although the development of value systems 
lies outside of the scope of economics, the opportunities which exist in 
the attainment of ethical and material goals are competitive in the rele­
vant range and are dependent in part upon the degree of economic effi­
ciency attained in the material sector. 
^KKeasured in terms of both material goods, tangible and intangible 
services. 
2 
Under the present world sltuationi where a major segment of the 
national product must be allocated to defense or preparedness purposes$ 
additional pressure is brought to bear upon all segments of the economy 
in order to minimize the real cost of such preparedness measured in terms 
of the quantity of civilian consumption given up. Agriculture is only 
one segment of the total economy but efficiency here is as important as 
in any other segment since the level of efficiency will determine the 
quantity of resources which may be released from this segment for other 
purposes without diminishing the total agricultural product. If the 
level of productivity is increased in agriculture and if those mobile re­
sources with low productivity in agriculture are transferred to higher 
uses elsewherei part of the national objective will be accomplished. 
Efficiency in agricultural production is also important from the 
standpoint of future needs. With a growing population and about a con­
stant per capita requirement for foods and a growing requirement for non­
food agricultural products per capita^ increasing pressure is brought to 
bear on agriculture to meet these demands. The problem resolves itself 
into two phases} (l) the attainment of the highest level of technological 
efficiency (a maximum physical product from given resources for each use) 
and (2) the best allocation of the resources between (a) agriculture and 
the rest of the economy and (b) between agricultural uses. In a price 
economy (assuming free and "rational" choice on the part of the consumers) 
resources should be used so that the value of product from resources used 
in one industry (and in one product) approximates the value of product 
forthcoming from similar resources used in other industries (and in other 
products). 
3 
Information of this type is exceedingly meager for agriculture. 
Some persons maintain that low resource productivity and underemploy­
ment of resources is general in agriculture. Some put forth the argu­
ment that this is due to inefficiency technologically while others say 
that it is due to a disproportionate use of available resources. Others 
insist Just as vigorously that resource productivity is just as favour­
able in agriculture as in other segments of the economy so that near 
optimum efficiency exists* Still others present the hypothesis that 
some segments are highly productive while others are not.^ Policies 
based upon such different assumptions can lead only to inconsistent pro­
grams and action. Evidence of such differences may be found in programs 
advocating the general increase in resource use (e.g. an output increas­
ing resource such as fertilizer) lAile at the same time for some other 
program mews are being sought to restrict output in aggregate. 
Resource productivity and farming efficiency are of interest not 
only to those responsible for policy formulation and administration but 
also to individual farmers euid their immediate advisors since all re­
sources must be allocated ultimately at the firm level. Others, who are 
interested, are those who supply factors used in agricultural production 
and those "Ao process agricultural products or othez^se enter into the 
distribution of farm products to the ultimate consumer. 
2 Segments divided geographically and by products as well as by 
type of organization and by type and quantity of resources controlled. 
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At the firm level deoislons In resouroe allooation center abouti 
(l) how best to employ a given technique (the attainment of the highest 
degree of technological efficionoy), (2) which techniques or forma of 
resources should be used in producing a single commodity, (3) how much 
of each resouroe should be used in producing each product, (4) which 
products or combinations of products should be produced and how many 
resources should be used on each, (5) where the product should be 
produced and where the operator should employ his resources as between 
occupations, areas or farms within areas if family welfare is to be 
maximized and (6) how many resources to use in total once the location, 
the products and the techniques have been selected* The largest pro­
portion of previous investigations has concentrated upon the first two 
questions and only fragmentary consideration has been given the remain­
der of the group. The remainder, however, are of major importance. The 
decisions of greatest economic consequence to the operator usually fall 
in this group and are not based upon adequate knowledge of alteraative 
opportunities. 
This study attempts to provide more information on the level of 
productivity compared between areas, between certain products, between 
farms vdthin areas and between factors used on the same farms. It 
applies to those techniques actually in use emd those particular types 
of products being produced. Enquiry is made also into the nature of 
certain economic relationships in agriculture in order to help explain 
some of the differences which exist and to provide a logical basis for 
measurement. The study also con^ares and seeks to evaluate alternative 
5 
methods of oonputatlon and different methods of deriving the product-
ivity estimates* The objectives are* therefore* twofoldi (1) to make 
conparisons in resource productivity and so* within the limits of the 
methods and the data* to make inferences about the direction and 
extent of desirable resource (and production) adjustments designed to 
in^rove the level of economio efficiency and (2) to extend, develop and 
test means to adequately measure resource productivity* 
The study is designed to be of value to both individual farm 
decisions and to the development of mtional policies* From the 
point of view of the individual it indicates (1) the income to be 
expected when various quantities of resources are used in particular 
geographic areas and (2) the gains (or losses) which can be expected 
in moving from one area to another* From the standpoint of national 
policy end programs it indicates the extent of differentials in resource 
productivity not only between areas but between farms within areas as 
well* It also indicates the causes of these differences in so far as 
they can be explained by variations in the quantities and ratios of 
resources en|>loyed* 
No atten^t has been made to measure differences in productivity 
of resources used on different products except for the two broad 
categcxries of livestock eind ox*ops* Neither has any atteiqit been made to 
determine whioh particular techniques are most successful (i*e* in terms 
of value productivity) in the production process (that is, techniques 
other than those which expose themselves in the quantities of the broad 
factor categories selected). Detailed studies of the case-budget type 
6 
(highly stratified samples upon which alternatives are "budcetad) are 
required to supply answers to these problems. In ooncluGion it must 
bo pointed out and emphasized again that the productivity estiniato'j are 
applicable only for those techniques actually used on the sample farms 
and cannot indicate what might have boon obtained if other (and superior) 
methods of production had been employed. 
It is perhaps advisable to note very briefly a fov/ studies which 
aro closely related to this in method and to present the general form 
of the text which follov/s in later chapters. 
Few studies in agricultural economics have not been concerned 
either directly or indirectly with some phase of the enti-iation of 
resource productivity or with applications of productivity estimates. 
Relatively fe\y of those, howeverj have used the general theory of pro­
duction and marginal pricing and distribution theory directly as the 
primary basic logic underlying them. The empirical estimation of the 
q 
production function for ths farm firm has been attempted only recently. 
Most of those have been primarily of an experimental nature and all havo 
included two woalcnesses v/hich the present study attempts to avoid. 
These are: (l) the inclusion of both livestock and crop production in 
the same function and (2) the inclusion (and in some cases the mixture) 
of investments and services as inputs rather than considering quantities 
of the services rendered only as inputs. The possible adverse effects of 
these methods on the validity of inferences will be treated later in the 
study. The results of the first four studies in footnote 3 in 
O 
See for example the following studies employing production 
functions: Tintner-t and Brownlee, O.H., Production Functions 
7 
particular have been quite valuable as background throughout the course 
of this study* 
The Cobb-Douglas function as applied to production was originally 
4 
presented in 1928. Sinoe that tims Douglas has been instrumental 
in developing many studies based upon its use and considerable contro­
versy has arisen with respect to its usefulness in economic appli-
g 
cationso tlany of these arguments are not relevant in this appli­
cation of the function to agricultural data since Douglas and his 
associates applied the function to time series data for the v/hole 
2 (continued) Derived from Farm Reoox*d8, Journal of Farm Economics, 
Vol. XXVI, No. 3, August 1944, pp. 666-571. 
Tinter, 0., A Note on the Derivation of Production Functions from 
Farm Records, Econometrica, Vol* XII, No. 1, Jcuiuary 1944, pp. 26-34. 
Heady, E. 0., Production Fumtions from a Reuidoffl Sample of Farms, 
Journal of Farm Economics, Vol. XICVIII, No. 4, November 1946, pp. 989-1004. 
Harries, H. W., Production Functions and Short Run Cost Curves 
Within the \'Vheat Firm, Unpublished Master's Thesis, Iowa State College, 
1946. 
Gilchrist, Varge, The Use of the Production-Function Analysis 
in Studies in Farm OrgEuaization As Illustrated by its Application to 
an Irrigated Area of Alberta, M. A. Thesis, University of Alberta, 
April 1952* 
Clarke, J. W., An Analysis of the Application of the Production 
Function to a Sample of Farms in Southern Saskatchewan, M. Sc. Thesis, 
Universii^ of Saskatchewan, April 1950. 
^Douglas, P. H.« and Cobb, C. ViT., A Theory of Production, American 
Economic Review, Vol* XVIII, Supplement 1928, pp. 139-166. 
'^For a summary of maxi|y of these and reference to the most sigxiifioant 
articles axui studies see Douglas, P. H., Are There Laws of Production?, 
American Ecoziomic Review, Vol. XXXVIII, No. 1, Uarch 1948, pp. 1-41. 
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eoonomy or to orcsB-seotlonal data (i.e. the latter application was made 
across industries at the same point in time.) In addition most of the 
problem of application involved in these cases was to find suitable 
methods for aggregating (indexing) the basic variables. This study 
makes application across individual firms within an industry. 
In this study resource productivity in four agricultural areas 
in the United States is compared and in two of these areas comparisons 
between two time periods are made. The nature of the older dataj 
however, has made the latter comparison difficult and incomplete. 
Production functions with various degrees of aggregation have been 
fitted (60 In all) and productivity estimates and inferences therefrom 
have been drawn. A check on certedn of the estimates has been made by 
comparing these to certain aggregated groups of farms based on the same 
original data. 
Some notes on the application of the theory of production to agri­
culture are given in Chapter II. The general outline and details of 
the methods used are given in Chapter III and further details on these 
are provided in the Appendices. In Chapter IT the implications of 
the fitted functions on returns to scale in agriculture are discussed. 
Chapters V and VI concentrate upon the marginal productivity of crop 
and livestock resources respectively while in Chapter VII the two are 
compared more directly. The group tabulations and additional descrip­
tive data are given in Chapter VIII. A general summary of results* 
conclusions and inferences is provided in Chapter IX. 
9 
The text has been organized in suoh a way as to avoid undue repeti­
tion of the tabuleiT loaterial* A oonsiderable proportion of the details 
of methods have been inserted in the appendices to avoid burdening the 
text unduly* In many instances these notes serve also as footnotes to 
several tables* The text seeks to interpret rather than to repeat* 
Attention throughout has been focused upon the broader aspects of the 
an^irioal results and the most significant differences only, rather than 
upon the interpretation of details* Many cross references between tables 
have been made in order to bring the material immediately under discussion 
more nearly into the general context of the study as a whole* 
10 
II- THE APPLICATION OF THE THEORY OF PEODDDTIOH 
TO AQRIDULTURE 
Th® object of this chapter is to set down in summary form the 
relevant logic and concepts basic to the methods on^loyed in attenpting 
to fulfill the objectives of the study. As such* it concentrates upon 
the theory of production as a con^onent part of the general problem of 
maximleing the level of econoioio vrellbeing in agriculture* It is not 
designed to be con^plete nor perfectly refined. Many problems and 
differences of opinion still exist even in the conceptual framework 
deemed relevant to the production process* 
A. The Equilibrium Conditions 
In order to attain the optimum allocation of resources and so to 
maximize the general level of welfare (ends) from the resources (means) 
available, the general equilibrium conditions GO-e applicable. These 
}^ve been adequately stated elsewhere in detail.^ Assuming a prioe 
^Hicks* J. Il.» Value and Capital, second edition, Oxford at the 
Clarendon Press, London, 1946, pp. 86 and 87. 
Heady, E. 0., The Economics of Agricultural Production and 
Resource Use, Prentice Hall Inc., New York, 1952, Chapter XX.IV. 
Reder, U. W., Studies in the Theory of Welfeo'e Economics, 
Columbia University Press, Hew York, 1947, Chapters II and III. 
Samuelson, P. A., Foundations of Economic Analysis, Harvard 
IMiveraity Press, Cambridge, 1948, Chapter IV. 
11 
economy and slnoe concern is not centered on allocation of resources over 
the production period or between production periods and sinoe the effects 
of uncertainty are not being considered directly, the factor-factor, 
factor-product and product-product marginal conditions are of chief 
concern. These are: (1) factors must be combined such that the 
marginal rate of substitution between any pair used in the production of 
a given quantity of a commodity is equal to the inverse of their price 
ratio, (?.) products mst be produced in such proportions that their 
marginal rate of substitution is equal to the inverse of their price 
ratio smd (s) factors must be used in quantities such that the marginal 
rate of transformation of factor into product is inversely equal to their 
2 price ratio. 
Bie complete mathematical enumeration of the equations implied by 
this set of conditions provides many more equations than unknowns. There 
are, however, exactly the same number of independent equations as 
unknowns since those in excess may be derived from the independent set. 
The problem here is to select that independent set which is most 
applicable to the problem and which is most easily manipulated 
conceptually. In addition that get is required upon which certain 
restrictions that occur in actual practice in a dynamic economy 
It may be noted that these same conditions may be expressed in 
terms of marginal costs and the prices of the products or the value of 
the marginal physical products and the prices of the factors by simple 
algebraic manipulation of the equations. 
12 
(the real world) are readily applied. Such reatriotions are' 
(l) factor limitations (e.g. aggregate capital liTnitation, labour 
limitation, work-leisure preference, fixed Cactors etc.), (2) technological 
rigidities (e.g. indivisibilities, fixed factors a.rid fixed coefficients 
of production), (3) time and (4) uncertainty. 
Regardless of which set of independent equations is chosen, it is 
always necessary to have complete knowledge of the physical production 
function for each product since, unless these are known, it is not 
possible to find the marginal rates of transformation and substitution 
which to set equal to the respective price ratios. 
If the simple case of m products with each produced using the same 
n factors is considered as an example, the surplus equations may be more 
readily identified. Under these assumptions there arei (l) m production 
functions, (2) (m-l) product-product equations which are independent 
within this group (and (m-2 + m-3 ....+1) equations which may be 
derived from these), (3) m(n-l) independent factor-factor equations within 
this group (and m(n-2 + n-3 ....-••l) equations which may bo derived from 
these) and (4) nm independent factor-product equations. There are no 
equations in the factor-product group which are not independent of each 
other* Since there are only m products and nm factor quantities, only 
m(n + 1) independent equations are required to determine the m product 
quantities and nm factor quantities. Certain of the equations listed 
above as independent within a group are not independent between the groups. 
If it is recognized that it is impossible to determine the 
product-product relationships without first satisfying the factor-factor 
conditions, it is possible to begin selecting those independent equations 
for the whole system which are most useful. The primary importance of 
13 
the factor-factor conditions is derived from the fact that the 
product-product conditions assume that, for each ratio of products 
considered, the maximum product is produced from a given value of 
resources and this may only be done by simultaneously satisfying the 
factor-factor conditions. The reverse requirement is not necessarily 
true, that is the factor-Taotor conditions may be specified without 
any reference to the procluot-product conditions. If this selection is 
used, however, there are m + (m-l) + m(n-l) making a total of m(n+l)-l 
equations. This is one less than the required number. Tlie additional 
required equation may be any one of the Cactor-product equations. 
This constitutes a complete set of independent equations and is com­
posed of the m production functions, m-l product-product conditions, 
in(n-l) factor-factor conditions and one factor-product condition. 
It can be shown also that another complete set is composed of iti 
production functions and mn factor-product conditions. A third complete 
set is composed of the m production functions, m(n-l) factor-factor 
conditions and ra factor-product conditions where a different product 
enters into each of the m factor-product equations.^ 
In each of the above three sets all of the production functions nre 
required. For certain reasons (existence of fixed factors, the degree of 
returns to scale, capital or other factor limitations etc.) complete 
satisfaction of the equilibrium conditions may not bo possible at any one 
time. In the case of Increasing returns to scale equilibrium is 
In all cases the total number of equations is the required number, 
m(n+l). That is ra(n+l) = m + m(n-l) + (m-l) 4-l«m + mn"»m + ni(n-l) + m. 
These may be generalined to accommodate situations with varying numbers of 
factors used on different products and different factors used in the 
production of the same or different products. 
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impossible oven in the longest run whan perfect competition is assumed. 
In addition the existence of rents and the effect of imperfect competition 
upon prices add complications to the problSTn. 
Since concern here is centorod on oxplaining both equilibrium and 
disequilihrixm and from the latter deducing inferences about the nature 
of the adjustments necessary to approach equilibrium and since ad.just-
ments must always ultimately be made by and within the individual firm, 
either of the last two sets of equations becomesmost useful. If the 
second sot is used and considered on© at a time (as farm oporators 'ire 
often instructed to do) by varying one innut to the equilibrium quantity, 
such adjustment automatically displaces the equilibrium position in the 
use of the remaining factors since the mari^inal products of the individual 
factors are not independent of the quantities of the other factors. In 
actual practice the last set is the most usoful. 
If the last set is accepted and if the factor which is variable in 
the shortest period is selected to enter all of the equilibrium equations, 
a complete set of fjonditions is always available reg:ardless of what time 
period is under consideration. In a time period which is less than that 
in which all factors are "variable, the factor-factor equilibrium 
equations involving the non-variable factors are no longer relevant. 
These may be dropped successively quite readily usin;r, this system as the 
period of time considered is shortened (and more factors become fixed) 
and there will always remain a complete independent set of equilibrium 
equations for the time period considered. The factor-product condition 
for each product isaLHa'ys applicable ^d retained so long as any factors 
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are variable. 
Cost ourvos as an alternative mothod of imalysis and ao a means of 
specifying the equilibrium conditions leave much to be desired. They 
are adequate for the case of a single variable factor and the method is 
identical with the above under constant factor prices. If, however, 
production periods longer than the Ghorteat run (one variable factor) 
are considered, tho relevant cost curve must bo defined in terms of 
the best combination of the variable factors. This requires that all of 
the factor-factor equilibrium conditions between the variable factors 
must be satisfied which in turn implies and requires n knowledge of the 
rates of substitution from the production function. That is, a previous 
knowledge of the production function is required for cost-curve 
analysis so that both are necessary. Cost curves also require the 
application of absolute prices rather than price ratios. Tlie produc­
tion function itself describes physical relationships and is independent 
of prices. Complete exposition of rirm (or process) equilibrium can be 
made directly from the production function without going to coat curves. 
The superfluous nature o" cost-curvo analysis is readily apparent and 
will not be considered further as such in this study.^ 
^CoBt-curvo analysis has been used and is perhaps most valuable 
in making choices between techniques and in cases of fixed coefficients 
of production but if necessary tiiese can still be made by con^jarisons 
between two or more production functions rather than through cost 
curves. 
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From the point of view of making e]q)irioal e8timates« oost ourves 
suffer from an additional disadvantage when statiatioal methods are 
applied* Cost must be made dependent on output and this reverses the 
direction of dependency inherent in all production phenomena. That is, 
since resources must always be committed to use before oul^ut is attained, 
dependency must always be that of output on input and not vice versa 
as assumed in cost curve analysis and in the statistical models required 
to find the eiqiirical estimates. This is an objection to oost analysis 
which is met when en^irical estimates are made from observations on many 
individual firms. 
B. Scale and the Outlay Surface 
Some confusion in the concept of ''scale'* in economic literature 
arises out of two distinctly different concepts and problems of 
definition. The origin of one stems from consideration of the nature of 
the long-run average total oost curve which in turn is derived from 
the "scale line** denoting the optimum combination of factors for each 
output (i.e. satisfaction of the factor-factor .equilibrium conditions.)^ 
^VVeintraub denotes this scale line as the expansion path. See 
Weintraub, Sidney, Price Theory, Pitman Publishing Corp., New York, 1949, 
Chapter III. 
See alsoI Chamberlin, E. H., The Theory of Monopolistic Cos^etition, 
sixth edition. Harvard Universi'ty Press, Cambridge, 1948, Appendix B. 
Boulding, K. E., Economic Analysis, Revised edition. Harper and 
Brothers, New York, 1948, Chapter XXX.1. 
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The other has Its origin in the problem of distribution and margiml 
pricing of factors (firm equilibrium under marginal productivity theory 
of resource valuation). In the latter case* scale is defined as the 
relative change in physical output for a proportional change in all 
inputs* For the purpose of this study, the latter will be designated as 
6 
returns to pure scale and the former as returns to outlay* It follows 
that a pure scale line must be straight EUid intersect the origin* In 
the other case, an outlay line is a line joining all outputs with factors 
combined in optimum proportions for the given price situation* Under 
constant factor prices (or factor price ratios) the outlay line v/ill 
be one of the infinite number of isoclines* With io^erfect competition 
in the factor msirlcetB (i.e. factor price dependent upon factor use) 
only under very e:coeptional circumstances will the outlay line emd one 
of the isoclines be identical even over a short range* It may be noted 
also that only under special circumstances will the outlay line 
coincide with a scale line with either perfect coopetition or imperfect 
oon^etition* 
In the definition of the outlay line the produot contours are 
defined in terms of pi^sioal quantities of the product and factors and 
0 
The term outlay line rather than optimum outlay line or line of 
optimum outlet or expansion path has been chosen here due to the con­
venience of the term* It may be desirable to designate the line 
connectixig all outputs produced with the optimum combination of factors 
as the scale line while designating a constant proportion line as a 
"pure scale line". Whatever names are used, it is highly desirable 
that the two be clearly distinguished. 
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the cost contoura aro defined in torma of the value of inputs. Those 
two are then brought together and the outlay line prosoribod. It in 
possible, howevor, to define nn outlay surfacfe in tenno of tho quantity 
of output which is just equal in value to the sum of the values oC tho 
inputs. l'^^iB surface has some ndvojitajos in developing Tirm 
equilibrium, distinf?;uishing between firm oquilibriuni and equilibrium of 
the whole market and in relatinf^ marginal productiviti,'' theory to the 
origin of the market Talue of factors and tho rolatioQ between inarj;;inal 
productivity theory and the origin of "rents", Under constant prions 
of tho product .-ijid tho factors this condition is; 
P„ X + X +....+ P, X 
^ *1 1 *2 2 *n n 
where P denotes price, denotes product and the are the factors 
(i = 1, 2 n). The quantity of Y satisfying this condition is: 
This is the roquired outla^/^ surface. Such a surface exists for all 
quantities of factors and for any set of prices and applies whether 
prices are formed imder perfect competition or under imperfect com­
petition. In the latter case the prices may bo entered as functions of 
the factor and product quantities and muot be doeignated as the average 
value of the total quantity of the factor or product. 
Setting the production function (surface) and the outlay surface 
within the same set of axes, it is evident thot tlie outlay line 
corresponds to that route traced out by maximizing (Y - *Y) for each 
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possible output. This may also be stated in terms oP maximizing 
(Y - ^ y) for Qacsh outlay. The optimum total outlaw or product for the 
firm is reachod bv raovinp; along the outlay line until (Y - *Y) is a 
maximum for all outputs (higher than for any other output). When 
(y -  ^ y) is p-t a maximum for all outputo, all of the marginal conditions 
of equilibrium for the firm havo been satisfiod. 
Under conditions oP Imoprfect competition in the product or nny of 
the factor markets, the prices will be functions of the outout and/or 
the inputs but an outlav surface still exists and the optimum oombina-
tion of factors and the optimum quantity of output may be prescribed 
7 in exactly the sanio manner. The iso-outlay oontourn are no longer 
necessariljr strait'ht lines. Tlie full usefulnoaa of the outlay surface 
just described ^vill become more evident in the discussion of market 
equilibrium to follow. 
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Iso-outlay contours here are defined in terms of the •value 
(quantities and prices) of the inputs and the output. Iso-cost 
contours, on the other hand, are defined in terms of the prices 
and quantities of the inputs only. If this distinction is re­
tained, an outla" surface exists usin,?; o sin';-le scale on the 
output axis "While if a cost surface is used, two scales must be 
provided (one for xuiite of output and the other for xraits of 
costs). If the price of the product is constant, note that each 
iso-outlay contour vjill corroBoond identically vdth an iso-cost 
contour but that these are scaled separately on the "output" 
axis. 
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0. T>je Production Surface and Tj-pcis oO Tno-product Contourn. 
The nature of tl;s production aurface may b© built un by first 
considering the shape of tho iso-oroduct curves for pairr; of factors 
and later considnring tbe relationsMn betwecsn the contours. 
1. Basic factor substitution relationshina 
For purposes of oxcosition, factor substitution rt^lationshins mav 
be oonnide.-ed as belon.'^inf; to s«ven basic types or conbimitions of them 
in two or moro dimensions. The nunabor may be rnducod or expanded since 
each or all may bg considered to shade into t}ie next cloaest related 
type. Certain basic characteristics mako these ceven types unique either 
as limiting cases or as intermediate t;i,'7)Gs b-'tween limiting casoa. 
In B'igure 1 those types arc presented graphically. They nre; 
Type a - substitution at a constant rate throuj-Jiout all Pactor 
ratios (a special case is the Isl ratio.) 
Tyoe b - substitution at a diminishing rats throughout all factor 
ratios and intersecting, each aicis at the extrejnes (i.e. neither 
factor beint>; absolutely essential to the process). 
Type c - substitution at a diminishing rate throughout all factor 
ratios but beoominj-; asyinptotic to each axis (each Cactor b!5in£ 
absolutely essential to the process) (a special case is sub­
stitution at a oonstfxnt elacticity). 
T^ ri;)o d - substitution at a diminishing rate throU(r,hout a central 
rango of factor ratios only and becoming asymntotic to a line 
parallel to each axis or actually parallel to each axis at the t\vo 
extreme factor ratios. 
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Factor 
Factor 
Figure 1. Basio Typeo of Paotor Substitution in 
Production. 
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Type e - substitution at a diminishing rate throughout a central 
range of factor ratios and, after beooming pecrallel to each axis 
at the extremes, diverging from the axes. The extremes here may 
be further specified as becoming aayn^totic to a pair of factor 
ratio lines in some cases* 
Type f - no substitution ("substitution" at a point) with each 
extreme parallel to one axis* 
Type g - no substitution with no possibility of changing the oom-
bixiation without reducing product to zero* 
2* Substitution relationships in agriculture 
By combining these (splicing) many other types may be specified* 
The principal types found in agriculture may now be considered in more 
detail* 
Factors may substitute at a oonstant rate* This situation is 
represented by cuirve "a" in Figure 1* If the scales on the axes are 
identical (both the scales and the units of measurement identical) 
curve ag (Figure 2) represents a situation where X2 substitutes for 
at a 1 to 1 rate. If factors substitute at a Itl rate at all ratios, 
they are identical (e*g* corn from two different plots of land)* This 
provides a means of testing for homogeneity of factors* Factors may 
substitute at a oonstant but differential rate as illustrated in Figure 1 
by curve a* An example might be barley and corn in special oases of 
hog feeding or two different "qualities" of the same feed or two 
different "grades" of land* If factors do substitute at a constant 
rate throughout the whole range of inputs, they may be aggregated 
by attaching weights inversely proportional to their rate of 
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Figure 2. Other Typos of Factor Substitution in. 
Production, 
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substitution. In oases such as ag the L'actors may bo added directly since 
such addition iniplioi% assumes weighting in a 1 to 1 ratio, ''''ost 
factors are not likely to substitute at a constant rata when uo dis­
continuity exists. The nature oT substitution is nore likelv to he one 
of the other t.^ /pos. 
Curve b represents a slightly diminishing marginal rate of sub­
stitution where the curve intorBacts both axes and neither factor is 
absolutely essential to the process. This is typical of "near substitutes" 
such ae barley and corn, barley and oats and oats and corn in animal 
feeding or two plant nutrient elements on "good" land eto, Cui*vo c 
represents a somewhat similar situation accepting that tho curve 
becomes as^^totic to both axes. This v/ould be tho case when botti 
factors were absolutely essential to the production process and whore 
the minimum of essentiality is zero. Land and labor in tho absonce 
of mechanization would approximate this situation. Another oxanple is 
probably the nature of substitution between labor and machinery in the 
process of providinj^ services for land. 
Curve h]^ (Pipure Z) may be more typical of the nature of sub­
stitution between land and fertilizer (with all nutrient elements 
changed prooortionally). In the 'application of fertilizer to land, a 
^This is the justification for using prices in aggragatin,^ inputs 
into a single afrgregote fnctor when pricos are aflsuraod to be the 
reciprocal of the (constant) marginal rate of substitution. 
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marglxial product curve whioh is linear and decreasing* yields this result 
when land without fertilizer treatment yields some product* Curve hg 
represents a case where only one factor is absolutely essential to produc­
tion but where the marginal product of the other factor never becomes 
negative. The marginal product curve for factor Xg would become asyn^jtotic 
to zero in this case* This may be rare* If two factors substitute such as 
in 0 and a third factor is added whioh substitutes for one of the original 
two factors as in c in a two-factor case and for the other as in b with 
three factors, the other two constant product curves created will be of i^pe 
hg* This may be common between certain feeds in livestock production* 
In type d substitution is at a sharply diminishing rate and the 
iso-produot curve becomes asymptotic to (or actually parallel to) a 
line parallel to each axis at each extreme factor ratio* Here substitu­
tion is possible only within a fairly narrow range of factor ratios* 
Type e is similar to type d except that at the extreme factor ratios the 
contour becomes asyn^totio to some factor ratio line (or nearly so)* 
This may be common in the substitution of one fertilizer element for 
another in crop production where both factors yield a negative marginal 
product when input is increased sufficiently* Curves d and « would be 
identical in effect if* when the marginal rate of substitution becomes 
zero or infinite, the amount of the input in surplus were discarded* 
In certain cases biological processes are such that, for a considerable 
range, the excess of a factor may be automatically ^'disposable"* The 
provision of proper drainage of water from land is an example of an 
effort to convert a type e curve to a type d curve* 
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The extrome of typo d is tyaf; f where no oubstitution is 
possible. Dot: factors ar-s osEontial and excesses of ©ithor can be 
disoardsd or are avitofnatically disposable. Wachinery-labor sub­
stitution for a j^iven macViine (i.e. in t>!e short run when tViere is no 
possibility of introdu.oin,';, another machino) is very nearlv of this 
t.ype but miglit also bo of type d. Other examples mipbt bo substitution 
between certain chemicals in the production of certain products, ^f, 
however, an excess of either one or the other destroys the product, the 
product contour will collapse to a point as illustrated by t^ 'pe 
In addition to types Ixj and hg there may be other possibilities oP 
splicing tho basic types to form distinctive types of substitution. 
Thero aro, for example, such possibilities as splicinc; g and f, e and d, 
c and e, and splicing o and d etc. The basic conditions, however, are 
given by a and f and those with a diminishing marginal rate of 
substitution with varying conditions at tho extreme ratios as exsriTDlified 
(J 
typas b, c, d and e. ivhen three or more factors enter into a 
production process, tho coriplexity and number of possibilitios increase 
fjeometrioally but tho basic tynes of relationships are still tho samo. 
"'Typos a, d and f are discussed in inoro dotail in Carlson, Sunn., 
The Pure Theory of Production, P. S', King and Son, Ltd., Lond9n, 1939. 
Type e is commonly found in diocusaions of tho "Law of Variable 
Proportions". T'^is is only ono special caso in a more general study 
of the theory of production and substitution relationships. 
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D* The Firm and Market Equilibrium 
The produotion fuxiotiou (surface} may be considered as being 
coiqjossd of an infinite number of one or more types of product contours 
with each iso-produot contour representing suooeasively larger values 
of output* The relationships between the contours determine the nature 
of the production surface and returns to scale* The form of the 
production surface and the form of the outlay surface combine to 
determine the mture of returns to outlay* It is now desirable to 
reconsider the nature of production in the light of equilibrium in the 
factor markets* 
Considering the case where the contours over the whole surface are 
of the same general type and if the factors are varied in constant 
proportions, the relative ohange in the level of the sucoessive contours 
denotes returns to pure scale* If the marginal rate of substitution on 
all contours as they intersect the scale line is constant, then the 
scale line is also an isocline and for one specific ratio of prices it 
is also the outlay line (the line designating the optimum combination 
of factors for all outputs)* This must be considered a special case 
but may be found rather frequently* It can be shown that® if the outlay 
line is not identical with a scale line, returns to outlay are greater 
than returns to scale under constant factor prices* For exas^le, this 
would be true for a modified Cobb-Douglas function if the elasticities 
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are fuziotlons of the quantities of factors (drift in the elasticity of 
substitution) as the total product increased 
Assuming constant factor axid product pricing, equilibrium of the 
individual firm is at that point where returns to outlay are equal to 
one* That is, the slope of the outlay surface along the outlay line is 
identical to the slope of the production surface in the same direction* 
This condition would hold true also even if uncertainty were present 
and could be attributed to factors by increasing their prices by 
attaching price premiiims. If the total value of factors is less than 
the value of the product (the outlay surface below the production surface), 
a positive residual will exist axid new firms will enter until the price 
of the product is reduced or the price (or prices) of the faotor(8) is 
(are) increased (or both) until the two siurfacee are tangent. If, 
however, the aggregate quantity of one or more of the factors is 
fixed, or nearly so, the price of the factor or factors will be increased 
until the residual disappears and the two surfaces become tangent* The 
effect of con^etitive bidding for land falls into this category* It is 
evident that the existence and origin of '*rent** to any factor is not 
inconsistent with marginal distribution theory and is in fact an integral 
part of it. 
^°The Cobb-Douglas function is of the form Y « ocxj^xg^ *. . 
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If the produotlon surface is below the outlay surface and factor 
prices are in equilibrium with other uses for the same factors, the 
residual to the firm is negative. That factor or those factors which 
are least mobile will be reduced in price until the two surfaces are 
tangent since the mobile factors will move out as the firm atten^ts 
to "cover all costs" by an unwillingness to pay the full market price* 
Under these conditions the optimum combination of factors would shift 
away from the mobile factors as price declines such that, unless an 
exodus of the mobile factors takes place, they too will receive less 
than the price in other uses* This will hold true when lack of 
mobilil^ is due to either geographic or to product immobili-ty (product 
inflexibility}* In many cases both origins are found* 
The outlay surface considered here is linear and homogeneous 
which means that, for long-run equilibrium to exist, the production 
surface must be linear and homogeneous at at least one output for each 
ratio of factor prices* If the production surface is linear and 
homogeneous in its entirely or if it is homogeneous of a degree greater 
than one, no long-run equilibrium output oan exist* In the case of 
linearity, allocation of earnings according to marginal productivity is 
possible* In the latter case it is not possible* If the production 
surface is homogeneous of a degree less than one, no long-run 
equilibrium oan exist under marginal distribution theory of pricing 
since equilibrium output tends toward zero and a positive residual will 
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always exist, 
Under oonditions of imperfect competition the condition of 
tangency still satisfies marginal distribution theory and an 
equilibrium output still exists. Since the outlay surface will always 
be concave upward as outlays are increased (except in the case of 
quantity discounts for factors), equilibrium, if it exists, must be r?.t 
an output where physical returns to scale on the production surface are 
greater than one but returns to outlay are equal to one,^^ 
^^Short-run equilibrium nay exist (in terms of profit maximiza­
tion) for the firms but this is dependent upon a capital or other 
limitation or lack of freedom of entry. Long-run equilibrium in 
the market as a whole cannot exist. In no case will the product be 
exactly exhausted by payments to the factors if these payments r^ro 
made at rates proportional to the marginal productivities, 
^^The definition of outlay surface used here implies marginal 
returns to outlay. The full usefulness of the outlay surface as 
a supplement to the production surface is now readily apparent. 
Firm and market equilibrium cannot be described adequately without 
both, Bquilibrixun is dependent uppn both and may be described only 
after establishing two types of cii'curastanoes (l) whether the 
production surface is above or below the outlay surface and (2) 
whether the outlay surface and production surface are converging 
or diverging. It is futile to consider one surface at a time 
since this involves very specific (and usually implicit) 
assumptions about the other. The use of both allows the reviewer 
to conceive of the net influence of changes in six variables 
(three quantities ajfid three prices) directly and simultaneously. 
Algebra can extend the number indefinitely but all of the 
possible types of situations can bo accommodated concentually 
in the simplest case of two factors (and one product). 
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E« Homogeneity of Factors and Product 
The non-homogeneity of factors and product presents a problem 
in the proper estimation of the production surface* The adverse 
effect of non-homogeneity will have only the effect of reducing the 
multiple correlation coefficient in en^jirical estimates provided that 
the quality of any one factor is not corrolated with the quantify of 
its own use or correlated with the quanti-ty of any other factor* That 
iSf if the "high quali-ty" and the "low quality" observations are 
distributed at random about the surface, no bias in estimating the 
13 
paraneters is met* For exanple* no damage is done if low grade land 
enters the land variable occasioxially provided a higher proportion of 
the low grade (or high grade) observations are not at one extreme of 
the acreage observations (or ratio of factors) and provided also the 
same is not true with respect to other factors (or ratio of factors)* 
The latter may be illustrated by a case where most of the obseirvations 
having the highest proportion of low grade lemd also use proportionally 
13 
The term production parameter rather than production coefficient 
is used to differentiate the parameters of the production function 
from production coefficients* The latter term is usually used in 
referring to special characteristics of production assumed in budgeting 
techniques* Production coefficient has the ooxinotation of factor-factor 
or factor-product ratio and these "fixed" in some msuiner so as to 
approximate the best possible or "average" combinations of factors or 
output per unit* 
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more labor than other observations* This would result in an under­
estimation of the productivity of labor. 
The productivity of a factor displaying non-homogeneity would 
of nacessiiy represent soios internsdiate grade of the factor* In 
most cases, hovrever* it is likely that non-hotaogeneity is correlated 
with the size of some of the variables. This is highly likely in 
the case of land where low grade land is usually best adapted to 
forage or pasture production requiring more acres per dollar of net 
revenue* Under such circumstanoes a tendency for quality to be 
negatively correlated with factor use arises when land is measured 
in acres. Certain adjustments which have been used to correct for 
non-homogeneity tend to defeat their own purpose* For exan^le* when 
land is adjusted aooording to yield per aore (or potential yield per 
acre), a tendency toward perfect correlation between the IelM 
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variable and output is induced. Such adjustments induce a higher 
productivity for the input adjusted than would otherwise be obtained* 
The same may be said for attempts to attain perfect homogeneity of 
output. Another adjustment which may be used on letnd is to weight 
land by value (annual rental value). The adequacy of any of the 
methods depends upon the ability of the weights to approximate the 
inverse of the marginal rate of substitution of one parcel for another. 
Some advantage is gained by using an estimate of productivity to estimate 
14 
A later section will deal with other aspects of production which 
induce similar effects* 
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ItBelf since such adjustments are relative (i»e. describe the rate of 
substitution) rather than absoluteo When the marginal produotivi-ty 
of an aggregate faotor has been derived, it is possible to compute 
the productivity of each of the conponents by using the marginal rates 
of substitution. If, however, the inverse of the mergixial rates of 
substitution between the componontB are not used in the aggregation 
process, it is in^ossible to derive the true marginal productivity of 
the aggregate factor* 
F* The Nature of Factors 
A major portion of the problem of faotor non-homogeneity 
concerns the nature of the physical contribution of the faotor in the 
production process under oonsideration* A faotor of production may 
not be a "pure" factor in the true sense but conoosed of several com­
ponents (pvire factors) -nhioh actually do enter into the production 
process or product* A faotor of production in the economic world 
(practical situation) is not necessarily a single factor with respect 
to the product in the production of which it is used* The factor as 
measured may be looked upon as being an economic unit or package 
ooiq)rised of several oonponent parts which must be purchased or used 
on an "all or nothing" basis* The ooiq>onentB may vary in proportion 
from parcel to parcel and ihis veo'iation is responsible for 
non-homogeneity* An example is land where each acre provides a fixed 
but different queoitity of available nitrogen, phosphorous, potash. 
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calcium, other "minor" nutrients, moiaturo, sunlight ond air, all of 
•which are made available by tl-© amplo^Tnent of one pnrcel of land. 
These components usually must be takon in the proportion in •which 
they are found or not utilized at all. Of these components in the 
case of land, moisture (rainfall) is a major cause of variation in the 
"qualities" of land between regions and variation in ou^tput for the 
same typs of soil bs^tween farms and be^tween years. Moisture conservation 
attempts to retain, in an available form, a larger proportion of the 
total flow of rainfall available. The application of fertilizer is 
also an attempt to vary the flows of nutrients -which are already 
found naturally in the soil. Manure not only provides nutrients but 
has a favourable influence on the degree of -water retention, etc. 
The proportions of the factor components usually have an influence 
on the quality of the product (product components), It is knovm for 
example, that in a dry year (low noisture) the protein content of 
wheat (a product component) is increased. This is an automatic 
physiological adjustment on the part of the plant to produce seed in 
spite of the adversity. 
Factors may be classified into several major categories, Th© 
pure factor components found in land comprise a first category of 
resources since they are those which are transformed (recombined) and 
embodied into the final product. Some components may be partly wasted 
or exhausted in the process but all are found to some extent in the 
final product, !Ihey tend to bear a fixed ratio in total to the quantity 
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of the product produced* A similar group of resources may be found in 
livestock production (or any other type of production including the 
process of providing the so-called "pure services") in the nutrients 
con^rising the feeds* Each feed meiy be characterized as oooprised of 
'^parcels'* containing various quantities of the various factor coB^onents 
(nutrients in this case}* Variation in the proportion of the nutrients 
is largely responsible for varying qualities of the same feed and also 
for the existence of a diminishing marginal rate of substitution between 
feeds since neither feed supplies the nutrient components in the "best** 
proportion but a mixture of two or more may more closely approximate it* 
Synthesis of one nutrient into another in the physiological process of 
digestion may further oon^licate the independent effects of the 
oonponenta*^^ 
In crop or livestock production the pesticides constitute a second 
major category of factors* These, while not being embodied physically 
in the final product, either facilitate a greater actual eo^loyment of 
the factors of the first category (weedicides etc*) or prevent the 
physical deterioration or destruction of the product after it is produced 
(fxingicides, insecticides etc*)* These are able to substitute for the 
first group in that they prevent diminution of output which would occur 
^'^The nature of substitution between these and services will be 
discussed later* 
^^These are the same group which oon^rise the group which Schneider 
calls "the automatically variable factors of production'** See Schneider, 
Erich, Theorie der Produktion, Julius Springer, Wien, 19S4* 
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In their absenooo In the oase of anltoalSf veterinary services are of a 
similar nature. Certain Inputs for livestook* however, are es^loyed 
because of risk of total loss as well as a small marginal or percentage 
loss of output* 
A third group is oon^osed of those factors necessary to Initiate a 
process* They also oontrol the nature of the output* Bxan^les of these 
are seed, breeding services and in certain oases young livestock* 
A fourth group are those which facilitate the process or are 
necessary for its oontrol or ars necessary to make the product avail­
able for human use* Capital (machinery) and labor services fall into 
this category. Both labor and machinery must be considered jointly 
even though they may combine in varyizig proportions since the net 
effect (or services rendered) are actually identical or nearly so* 
They may substitute for any of the above group* For exaa^ile, vdth 
respect to the second group they may do mechEinioal ly that which the 
factors of that group do chemically (i*e* cultivation may substitute 
for weedioides etc*). They do, in effect, have, in part, the same 
fuzution as the second category and are able to aibstitute for the 
first group to the extent that they may act as pesticides* It must 
be noted,! however, that they can never substitute coiq>letely for the 
first group in that they affect only the degree of eTi?)loyment of the 
first category or avoid waste (the percentage utilization of the first 
category)* Neither, will it be possible for the first group to fully 
substitute for the fotu'th group since certain mechanical separations or 
location transformations (harvesting etc*) ars always necessary* In 
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actual praotioa tha degree of substitution is likely to be small, that 
is, the ratio of the oombined inputs of the two groups is likely to 
vary within a fairly narrow range while still leaving the rate of 
substitution within the range of minus infinity and zero (e.g. substitu­
tion of type d, e, f or even g). 
The nature of labor»nachine substitution is dominsintly influenced 
by the uniqueness of capital. Machine or equipment factors may be 
viewed as embodying a certain total stock of services which may be 
measured in terms of intensity-hours use. The rate at which these ser­
vices may be released may vary within fairly narrow limits by the varia­
tion of the quantity of an activatixig factor such as fuel or labor or 
both. Machine services in the short run may be varied almost only by 
increasing or decreasing the hours of enployment. This implies a 
17 
corresponding variation in labor employed. Substitution in the short 
run is of type f almost only. In the long run different sizes of machines 
or equipment may be used with these yielding greater services (aoconplish-
ing more) per fixed period of enployment. This allows a quite different 
set of substitution possibilities of machinery emd labor in the long 
run than in the short run. 
There is no universally satisfactory (equivalent) meems of measuring 
machine service input. Zf machine input is measured in terms of the 
value of physical deterioration per hour, however, a measure of input is 
^"^This is the origin of some "fixed ooeffioients of production". 
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attained. A ooininon oonparison (neasure) of naohlnes of different siees 
or types may be attained assuming appropriate price (investment) 
ratios* Ubsoleaoenoe of the relationships so derived does not occur 
if the price ratios between machines remain constant over time* The 
only other alternative to considering the production surface with a 
machinery input constructed in this manner is to treat each type or 
size of capital equipment as belonging to separate production functions 
for the saiiie product and then applying choice criteria for selection 
between alternative techniques. 
The pl^sical mture of machines is such that it does not require 
double the outlay of factors in construction of the machines in order 
to double their capacity* This applies to attendant activating 
factors such as fuel etc* as well. Tills same situation exists in the 
provision of buildings which function in a similar fashion to the 
factors con^rising group two. This advantage of increased capacity 
for service per technical \init per unit of outlay exhibits itself in 
market price ratios between units of different capacity but of similar 
type. The prices of units of machinery do not increase as rapidly as 
do their sizes. Dissimilar types of machines may be acconpanled by 
variation in the product so that con^arison of two types of capital used 
to provide nearly similar sex*vicea in the production process must be 
evaluated by treating them as separate factors and considering two 
separate production fimctions* The possibility of substitution of 
labor for capital in the long run is dependent upon substitution of 
sizes of equipment or of types through changing the form of tha capital 
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stook (investmant) which yields the flow of maohin® (capital) eervioee 
over tiseo Within eaoh in the short run is the problem of equilibriuw 
use of activating factors which nay be of either the nature of fuel or 
labor or both* 
A unique characteristic of labor in the production process is the 
deoision-inaking ability* Those decisions which are solely of a 
repetitive nature maybe built into capital (machines) by appropriate 
design and it is in this way that further substitution of capital for 
labor is attained with teohnologioEd progress* In labor there is 
always some element of decision and, in this sense, labor always performs 
to soma extent the functions of management (even though the decisions 
may be of quite an elementary nature)* 
Up to this point only the "user aspects" of machinery (or capital) 
have been considered* There are still the impoirbant investment 
aspects* No machine services can be rendered to the production process 
unless a stook of capital exists* The stook of capital is always 
necessary in order for servioea to be provided* The stock may exist, 
however, without requiring the flow of seirvioes to be generated since 
capital may be employed (the flow of services applied to the process) 
or left idle. In this sense the stook or investment aspects of capital 
are catalytic to the production process* To factors or aspects of 
factors of this nature, the term catalytic factor or catalytic factor 
coB^ionent may be applied* The differentiation of the user and catalytic 
aspects of capital use is essential in the distinction of the nature of 
the factor use between the shoirt run and the long run* The catalytic 
aspect is evident in that variations in this magxiitude do not directly 
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influenoe output but do so only Insofar as it influences variations 
in the user aspect of oapital* There are certain inputs and costs 
attendant with the catalytic oonponent of capital which are not 
dependent upon the user aspect and which do not ixifluence output* 
They eire real costs but not physical inputs* There are interest, 
1 Q 
obsolescence and maintenance* These three are all connected with 
riek axid uncertaini^ or time* Axi additional risk involved with the 
investment aspect of oapital is that of the possible partial or total 
loss or destruction of the asset physically due to a catastrophe* 
Maintenance outlays are those required to prevent diminution of 
the stock of oapital (and potential services) due to the passage of 
time and which go on regardless of use* Obsolescence cost arises out 
of the risk of loss of the value of the remaining stock of services 
due to iimovations an^or price changes* This risk originated in 
gaographio immobility and/or through rigidity or inflexibility in the 
19 
type of use which can be toade of the specialized item* Interest arises 
out of time proference and oapital limitation but usually oaimot be 
entirely separated from the risk items* 
These aspects of oapital must be differentiated since in the long 
rim they are essential in determining the equilibrium combination of 
^^Repairs are those outlays attendeuit with use and should be 
Included with the cost of physical depreciation due to use and included 
as part of user input* 
19 A machine is obsolete when all costs of ooiq>arable services from 
another machine are less than the total cost of all services rendered 
by the old machine less sunk and "'time'* costs* 
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faotore and output but in the short run jnust be omitted as not being 
relevant since they cannot be varied* In addition, it is not desirable 
or possible to include these in a production function since they do 
not affect output directly and bear an indefinite relationship to the 
size of the machine input* For escample, a machine may be 10, 20 or 60 
per cent depreciated or investment per unit service may vary with the 
sise of the machine etc* These outlays or costs may be appropriately 
taken care of (accounted for) in the outlay surface by inserting their 
relevant relationship to the price of the user input quantity in the 
outlay surface equation* This adjustment may be different for each 
firm depending on its unique circumstances* 
All of the other input types have an investment aspect as well 
since investment is required in them for at least part of the period of 
production* In some cases (renting of land, custom hiring of machine 
services etc*) the purchase contracts for the services are such that 
incidence of the investment aspects are converted and only that portion 
of investment costs attendant with the single production period fall on 
the operator* 
0* The Functions of Management 
All of the foregoing categories of resources fall into one of the 
groups, land, labor or capital* Memagement is often designated as a 
factor in addition to the foregoing "big three*** The functions or 
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aotlvitles of management have been designated in many ways. For this 
study it is most appropriate to break the functions of management into 
the following oategoriesi (1) the prediction of prices of factors 
and products effective to tlie production process including alternative 
products and factors used in their production and including also 
locating all alternative markets for both factors and products) (2) 
the prediction of the production relationships (production functions) 
for the several products including the prediction of the available 
quantities of the "uncontrollable'* factors such as rainfall, eto| (5) 
the prooess of evaluating each of the foregoing in terms of the other 
and in so doing locating the optimum combinations eind processes (the 
process of determining equilibrium quantities of factors to use and 
products to produce by applying the equilibrium oonditions) and (4) 
knowledge of ajid performance of the task of carrying out the prooess as 
specified by the production function or assun^tions made in its 
derivations that is« seeing that the technological knowledge assvimed in 
oaloulating the production function is applied (organizing and conducting 
the production process)* A fifth function of management* that of risk 
20 See for exan^let Heady, Earl 0«, The Economics of Agricultural 
Production and Kesource Use* Prentice Hall Inc., New York, 1952, 
Chapter XVI. 
Johnson, Glenn L*, Handling Problems of Risk and Uncertainly in 
Farm Uanagement Analysis, Journal of Feurm Economics, Vol. XXXIV, Ho. 6, 
December 1962, pp. 807-B16 and Needed Developments in Economio Theory As 
Applied to Farm Uanagement, Journal of Farm Economics, Vol. XXXII, No. 4, 
Part 2, November 1950, pp. 1140«1156. 
Reiss, F. J., Measuring the Management Factor, Journal of Farm 
Economics, Vol. XXXI, No. 4, Part 2, November 1949, pp. 1065-1072• 
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bearing and ite attendant responsibility for initiating the process, may 
be treated as pure entrepreneurship* 
The entrepreneur often performs nany of the other functions of 
management and does so in his own best interest. This is particularly 
true in agriculture. The first three functions of management fall into 
a oon^artment which may be designated as awareness and application of 
economic knowledge while the fotirth is physical application of techno­
logical knowledge. This includes the distribution of the faotors over the 
production period but does not include the distribution of the factors 
between production periods* Prediction of the produotion function 
cannot be carried out without detailed technological information or 
assusptions about it in^licit or explicit. The ability to perform or 
carry out the process of production (or see that it is carried out) is 
quite different from knowing what will happen if specific actions are 
performed. Decisions mostly of a technological nature are required and, 
as their relative ln^ortance as measured by the ultimate effect on 
output decreases, this sort of management function shades into that 
service designated earlier as labor. 
Differentials in this knowledge or application of it provide the 
basis for the earning capacity or rent to management in any of the 
foregoing categories. The ultimate lower limit is the manager's earning 
capacity as labor. The ability to bear risk is dependent upon net worth 
(present or future) of the risk bearer, since the abilil^ to bear risk 
Is the ability to accept loss and still be able to meet contractual 
agreements made in obtaining the use of the factors of produotion. 
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It Is evident that management does not involve any measurable 
phyaioal oontributlon to the production prooeas and as suoh by definition 
It does not enter into the produotiou function* If the production 
function la known (and this is one of the funotions of management), 
the differentials in ''return to management** may be traoed to differences 
in teohniquesf to differenoea in technological knowledge or application 
of it (timing* plaoement, combination etc.), to differenoea in factor 
quantity or errors in pricing* to differences in ability at finding 
markets, or to differences in the process of finding equilibrium 
quantities* There is* therefore* no measurable meems of entering 
management in the produotion function and even if there were* such would 
not be justified since it is not a physical attribute* 
11* leohnologlcal and Economic Efficiency and Productivity 
The overall criteria for economic efficiency have been given elsewhere* 
22 
These as applied to agriculture are given by Heady* These conditions 
inply that the economy as a whole must be '*fully developed** since* if 
some resources are endeveloped (unused) which '*8hould be** employed* 
their marginal value product would be greater than eero and so all of 
the factor-factor equilibrium oonditions would not be satisfied. The 
^^See footnote 1* Chapter IZ* page 10* 
22 
Heady* E* 0** The Economics of Agricultural Produotion and 
Resource Use* Prentice Hall Inc** New York* 1952* Chapter XXIV* 
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eoonojiy as a whole may b® restricted by an aggregate capital limitation 
whioh would indicate that Booe resources will earn more than a marginal 
value product of one per dollar of outlay* Because of time preference 
on the part of society, this may be a rational situation. 
In order for full market equilibrium to obtain, all firms must be 
in equilibrium with zero surplus. Asavuning that the capital limitation 
for the individual firm may differ from that of society as a whole, 
equilibrium within the firm is attained by considering the capital 
limitation for the particular firm. (The existence of uncertainty and 
the principle of inoreasing risk are responsible for making an individual 
capital limitation effective). This can account for disequilibrium 
between firms ajid something less than optimum efficiency (maximum output 
from full enployment of resources given the society capital limitation). 
Viith a risk discoxmt there will be a general tendency for the outlay 
surface for the individual firm to be below the production surface due 
to a reluctance to bid the price of factors up to their full marginal 
value productivity. If the price of the factors is increased by the 
reciprocal of the risk discount, equilibrium of the firm would be 
attained on admitting the capital limitation and risk as given. The sum 
of the values of the factors as they exist in the market will be less 
than the value of the product. Full economic efficiency in the market is 
attained only when the outlay surface (with no risk premium included in 
the prices) is Just tangent to the production surface. Only then eu:e all 
firm and market equilibrium conditions satisfied. 
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Disaqulllbriiun will exist if (1) prioes of products and factors 
are anticipated inoorreotlyj (2) if the production function is 
anticipated incorrectly (this includes anticipation of the uncontrol­
lable variable factors) and (3) if the two are not brought together 
such that marginal revenue equals marginal cost at the optimum ratio 
of factors. There is the possibility of compensating errors which 
can "cover over" the chief economic maladjustments just described. In 
addition* there are those sorts of adjustments to innovations where* 
at some price ratio, one factor is completely substituted for another. 
The problems of timing, placement, arrangement, routing, etc. using 
exactly the ssune resources but maximizing the physical product constitute 
the degree of attainment of maximum technological efficiency in the 
short run. 
The ratio of all costs to total revenue as indicative of efficiency, 
has only limited significance since xmcertainty discounts in prices, 
production functions and the equilibrium process reduce the level of 
the outlay surface and thus allow a surplus of value of product over 
cost over part of the production surface. In addition, there is a 
discount due to a capital limitation and discounts of the general level 
of market factor prices due to differences in individual ability to 
predict. Some firms will have a positive and some a negative surplus. 
In a group of farms these will tend to cancel out with the average 
being much nearer zero than if the absolute deviations were tabulated. 
There is still no measure of the degree of disequilibrium between firms 
and so no measure of factor maladjustment. The greater the deviation 
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of the residuals, the greater will be the degree of disequilibrium. 
Averaging for a scunple loses this* A positive residual for a group 
of farms as a whole would indicate that the general level of factor 
prices is over discounted and so underen^loyment of resources as a 
whole will exist as well as disequilibrium between firms* 
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III. METHODS 
Having set down the objectives of the study and the theoretical 
considerations which enter into the estimation of the productivity 
of resources used in agricultural production, attention is now 
focussed upon the methods of measurement employed in this study. 
It has been necessary in certain instances to compromize between 
rigor in economics and statistics. These compromizes, where 
neceseary, woro made with a view to maximias the usefulness of the 
eo?)irioal estimates with respect to the cost of more satisfactory 
but elaborate alternatives. Ihe general outline of the sample areas 
and statistical methods of computation are given on the following 
pages. Additional Aasential detail may be found in Appendices A, 
B Eind C. 
A. The Samples 
Four areas were selected from which to make productivity esti­
mates and oomparisons. These were Intended to be representative of 
distinotlve types of agricultural production. These areas arei 
Montana, representative of dryland wheat product!on| North Iowa, 
representative of agricultural production on highly productive land 
with relative emphasis on cash grain (mostly corn) and hogs{ South 
Iowa, representative of agricultural production on less productive 
land with relative emphasis on mors pasture and roughage production 
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and utilleatlon and Alabama Piedmont, representative of agriouXtural 
production on rougher land of relatively low natural productivity and 
upon which is en^loyed a minimum of mechaniEation* Data were obtained 
for each of these areas for the calendar year I960* In addition, 
data were obtained for the two Iowa areas for the calendar year 1939*^ 
1* The seiiig)le areas 
2 (a) Montsina I960* The senile area in Montana is shown in 
Figure 3. It is con^osed of two geographic areas, one in north central 
g 
Montana and the other in the north east corner of the State* Production 
conditions for winter and spring wheat were considered to be more homo­
geneous than if a single contiguous area had been selected* The boundaries, 
except for some minor alterations, are those defined by the Bureau of 
Agricultural EconomloB for type of farming areas 111, IV, VI and VII.^ 
^Hereafter the six son^lea are designated as Montana 1960, North 
Iowa 1960, South Iowa 1950, Alabama 1960, North Iowa 1939 cmd South Iowa 
1939* They will be considered usually in the foregoing order* 
2 
The author is indebted to the Agricultural Experiment Station, 
Montana State College, Bozeman, Montana, through Professor 0. B. Baker 
and Graduate Assistant Darrell F. Flenup for defining the area, designing 
the san^ling procedure, taking the records euid making the prallminary 
computations for the Montana san^le* 
For a list of the counties included, see Appendix A*l* 
^Bureau of Agricultural Economics, Farm Adjustments in Montana, 
(Graphic Supplement), U*S«D«A«, Washington, D* C*, July 1940. 
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The method of sampling v/as aa followsi In each of the four type 
of farming areas^ the Production and Marketing Administration has 
broken each county Into communities on the basis of trading area. 
Those PMA, communities having more than half of the farms irrigated 
were excluded from the universe* The expected number of eligible 
farms falling in the sample (sample size) was arbitrarily set at 150. 
Setting the number of farms in the sample proportional to the number 
of farms in the universe for each BAB area, the sample numbers for 
BAE areas 111, 17, VI and VII were 33, 35, 57 and 25 respectively. 
In order to reduce required travel, these farms v/are not permitted 
to be distributed at random throughout the BAE areas. In each BAB 
area eligible, PMA communities were selected by use of random numbers. 
Allowing twelve farms per community and using the foregoing farm 
numbers as weights the number of oommunities seleoted in BAS areas 
III, IV, VI and VII were 3, 3, 5 and 2 respectively. The 12 farms 
per oommunity were selected at random from PMA lists of individual 
farms. These lists contained more than 99 per cent of all farms in 
each community. 
IShile the foregoing procedure is not strictly random, the diffe­
rences , caused by not allowing each farm to have an equal probability 
of being selected, are not considered to be serious and the sample as 
taken has been treated as though it were random. 
(b) Morth and South Iowa 1950. The two areas in Iowa were deli­
neated along county lines using soil, type of farming, income and 
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other suppleiientary data as guides* The areas oorrespond approximately 
to other designations of the "Cash Grain" (Noi*th) sutid "Southern 
c 
Pasture" (South) areas of Iowa* They are indicated in Figure 4. 
The sanples were drawn the Statistical Laboratory, Zowa State 
College using their designation of segments classified as open country. 
The expected number of eligible farms in each segment or cluster was 
foiur* The number of segments selected at random in each county was 
proportional to the number of farms in the county. In both cases the 
expected san^le size was 160. Farms of loss than 30 acres were excluded 
from the universe. In Montana and in both Iowa san^les predesignated 
substitute farms were selected to replace eligible forms from which 
records were not obtainable. Using the foregoing msthods» the Iowa 
ssui^les were stratified random cluster samples. 
0 (c) Alabama I960. The Alabama sample was drawn from the Pied-
7 
mont area in Alabama. The approximate area is indicated in Figure 5. 
^For a list of the counties included, see Appendix A.2 and A.3. 
®Th8 author is indebted to the Department of Agricultural Economics, 
Alabama Polytechnic Institute, School of Agriculture and Agricultural 
Experiment Station ^stem. Auburn, Alabama, through Mr. John L. Snare, 
Associate Agricultural Eoonomist for providing the records and pre­
liminary confutations for Alabama. 
7 For a list of the oounties included, see Appendix A.4. 
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Sai.iple 
Area 
Figure 4. Sample Areas in Iowa 
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Sample Area 
Figure 5. Sample Area in Alabama 
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The original full sampla was designed to study leasing and tenure in the 
same area of Alabama* This was a random sao^le of all farms in the area 
including ownsr-operator, tenant, sliare-oropper and multiple-unit farms* 
In order to reduce the number from the original sample (330 eligible) to 
a number better suited for this study* every second schedule (starting at 
number 2) was taken as a subsem^le for this study* This procedure was 
used in order to obtain approximately the same distribution of the sample 
over the area but reducing the sanpling rate* This modification of the 
original san^ling procedure has not affected the applicability of the data 
for the ptu*pose8 at heuid* The sample has been treated as random* 
(d) Horth and South Iowa 1939* The data for 1939 in Iowa were 
obtained from a san^le survey made in 1939 for the two areas for that 
0 
year* The samples were originally random but several records in each 
area were rejected sinoe they fell below the SO acre lower limit set in 
defining commercial farms* 
In Montana, of the 156 original records* 5 were rejected because 
of incomplete or obviously inaccurate data* In North Iowa 1950, of 167 
original records, 15 were rejected and in South Iowa 1960, of 150 
original records, 7 were rejected for similar reasons* Of the 165 
records obtained from Alabama, 31 were rejected because of incon^lete 
or inaccurate data or because the units were obviously subsistence or 
Q 
The areas are identical with those in Iowa for 1960* For a 
description of the original siirvey see Jessen, R* J*, and Houseman, B* E*, 
Statistical Investigations of Farm Sas^le Surveys Taken in Iowa, Florida 
and California, Research Bulletin 329, Icwa State College, Ames, Iowa, 
June 1944* 
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supplemantary part-time operations* As later data indioate* the nunber 
of deletions due to the latter reason might well have been increased* 
The inclusion of suoh units leaves the type of product and production 
methods too heterogeneous to provide reliable estimates* Errors in 
measuring the variables on suoh units are also likely to be much more 
than proportional to the size of the inputs. 
B* Data Enumeration 
The 1950 data were enumerated in the summsr of 1961 by enumerating 
teams working in eaoh area* Differences between enumeration methods 
used for the 1939 data will be discussed in the section on con^uta-
tional procedures* The usual farm record schedule was used and all 
data pertaining to production and resource use were obtained* The 
schedule was designed to furxiish (1) the dollar value of output and 
(2) the quantities of the various resouroea enployed in producing that 
output* These included crop production, sales, purchases and inven­
tories) livestock sales, purchases and inventoxdasi misoellaneous 
receipts} naohinery and equipment inventories, repairs, custom work, 
seeds, feeds, fuel, fertilizer, sprays, labor (family azid hired) and 
other data necessary in oon^uting input-output relationships* 
In Montana and North and South Iowa 1950 only the quantities of 
crop production, inventories, purchases and sales were recorded* A 
9 
standasrd set of prloes wore used to convert these to dollar values* 
a 
A list of the prices used in eaoh area may be found in Appendix B* 
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Since the type (quality) of product between farms was relatively uniform, 
this procedure eliminates the effect on variations in prices actually 
received due to timing of sales, success in obtaining a superior 
market, etc. In Alabama values as well as quantities of crop items 
were enumerated for individual farms. The prices used in Montana were 
the arithmetic mean prices received by the sample farms. Prices for 
Iowa were obtained from published state average prices. These which 
were not available were computed from the sample and the sample average 
applied to all farms. In Montana a price differential for wheat 
between the eastern and western sections vms used.^® 
For livestock production and inventories the farmer's estimate of 
the value was used* This was deemed preferable to using standard 
prices since there was a wide variation in actual prices received and 
paid due to differences in product produced and quality of animals 
(i.e., finished versus feeder stock, etc.) and due to the difficulty 
in determining and reoording the weights from whioh to compute values 
using standard prices. This method was used in all areas. Miscella­
neous receiptswere recorded in value terms as given by the operator. 
The methods used in enumerating the other input items will be dis-
ousaed after consideration of the general form of the analytical methods. 
^^This is not Justified when interest is centered on physical 
rather than value productivity. 
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C. Prinoipal Oharacteriatics of the Araas 
A brief Bummary of eeleoted statistioe Indicating the general 
nature of production in each of the areas is provided in Tables 1 
and 2. The items in Table 1 were computed from the 1950 census of 
agriculture and apply to the date at which the census was taken or 
to the calendar year 1949. The areas included in Montana and 
Alabama Eire not exactly the same as the ones used in the samples but 
they represent the closesbapproximations that could be obtained from 
census data for counties.The census figures apply to all farms 
for the selected counties as defined by the census rather than to 6uti 
approximation of '*commereial farms" as used in the remainder of the 
study* Care should be exercised in between-table comparisons since 
considerable differences in definition of certain items exist. For 
specific definitions of all items see Appendix A,7. 
There are wide differences between the areas, not only in type 
of output) but in size of output and in orgeinization*^^ In general 
figures for Montana are the largest for most items followed by North 
lowat South Iowa and Alabama in that order. Total crops produced in 
South Iowa were about half of crop production in Montana and Noirth 
Iowa and about four times the value of total crops harvested in 
^^See Appendix A for differences. 
^^Relatively few specific figures will be quoted in the text 
throughout the study. To obtain the specific size of particular 
items refer directly to the tables. 
Table ^ . Specified Cliar act eristics of the Four Sainple Areas, 
Average Per Farii^ 
It era Unit I.Iontana 
1950 
ilorth 
Iowa 
1950 
South 
Io^.7a 
1950 
Alabana 
1950 
Value of all crops harvested 
Value of all crops sold 
Value of all livestock and live­
stock products sold 
Value of forest products sold 
Value of all farn products sold 
0 
$ 
$ 
6707 
5056 
3421 
u4o2 
6294 
2710 
7013 
1 
9724 
3394 
e-) n OOU 
4171 
3 
5062 
777 
401 
298 
51 
750 
Selected row crops 
Cotton 
SEall stains 
Land from v/hich hay was cut 
Pasture and crops not specified 
All land in fari.s 
acres 
acres 
acres 
acres 
aci-es 
acres 
u,5 
322.9 
40.1 
1392.1 
1763.6 
S7.I 
43.6 
II06 
39.0 
lul.3 
41.8 
23=1 
15.6 
J7c2 
167.7 
10 o4 
5.5 
1.1 
1.6 
94.5 
113.1 
Value of land and buildings 
Livestock investj-^ent 
• 9 
A 
V 
31304 
5337 
33792 
4210 
16474 
3531 
3650 
613 
Farnily and/or hired workers 
Per cent labor forco hired 
no. 
per cent 
1=524 
I0.O7 
1.620 
13.05 
io5o0 
7=94 
I0361 
5.24 
Feed and livestock purchased 
Repairs, fuel, seeds, etc. 
s' 
y 
C7I 
1769 
2995 
1263 
149-3 
671 
174 
23 
hired wage rate 
Per cent farr.E rented 
Per cent coo-.-iercial farirs 
0 per year 
per cent 
per cent 
2619 
I60O9 
93.4 
I043 
49.07 
0 A T /J. J 
1560 
25.52 
u7.1 
510 
34.36 
35 06 
^Tabulated fron U.S. Census of Agriculture 195C'j for diiforencos in areas and definitions see te^rfc^ 
Table Z Specified Characteristics of the Four Areas, 
SoJ^-ple Average Per Fari:}^ 
Iten Unit Liontana North South Alabaiaa 
1950 loY/a lov/a 1950 
1950 1950 
Total product <•> •j' 30634 227i0 14339 2734 
Crop product I 21752 0971 5272 1398 
LivestocI; product $ 8063 13747 9067 1336 
Cropland acres 975 176.7 123>2 -> 0 n 
Pasture land acres 1350 26.0 70.0 15.1. 
Total land acres . 2325 202.7 194.0 47.4° 
Labor on crops months 13.7 9.4 0.7 10=4 
Value of land ser-/ices C' v 2994 2175 963 123 
iiachine services ? 4026 1590 1044 275 
Crop services $ 1181 570 377 278 
All crop capital services 0201 4344 2403 677 
Value of crop labor A 3133 1G03 1699 1044 
All crop services 11334 6147 4102 1721 
Feed v 2400 6016 4542 5J1 
LivestocI: input v 3946 5260 275^ 359 
Other livoctock services v 193 491 315 61 
All livestoch capital services 6540 12366 7614 1017 
Labor on livestock months / / 0 8,1 rf  / .  1 0^ 3.5 
Value of livestock labor 1499 1549 1445 353 
All livestock services $ G036 13915 9059 1370 
Leind investment V 59376 43503 19659 2463 
iJachine investiiient 6 V 13010 5642 3656 369 
Building and fence invest) :cnt on crops V 4o22 c C C 
Total investiJOnt on crop production V 77709 49145 23315 2832 
Livestock invGctirfint V 9516 6160 5268 743 
Building ajul fonce investniont on livestock $ 3172 6055 4153 534 
Total investment on livestoc]: production $ 12688 12226 9421 1277 
Total all investment 9 90396 61371 32736 4109 
Valr-c all capital services $ 14741 16710 lOOlo 1694 
VoiiiA nil inlior services A 4632 3352 3144 1396 

Pasture land 
Total land 
Labor on crops 
Value of la:id sei^^rices 
I^chine services 
Crop services 
All crop capital services 
Value of crop labor 
All crop services 
Feed 
Livostocl: input 
Other livostocl: services 
All livestocl: capital services 
Labor on livestock 
Value of livestock labor 
All livestock services 
Land investment 
iJachine investment 
Building and fence investr;ent on crops 
Total iiivectuent on crop production 
Livestock invostiiient 
Building aiid fonce investniont on livestock 
Total investment on livestock production 
Total all investment 
Value all capital services 
Value all labor services 
Value all services 
Residual over all costs, crops 
R.esidual over all costs, livestock 
Residual over all costs, total 
acres 
acres 
months 
$ 
A 
V I 
A 
«? 
A 
$ 
V 
6 
V 
V 
V 
months 
V 
$ 
V 
o V 
V 
L> 
V i .  
f 
V 
9 
A 
V 
/ 1 y 
1350 
J- 1 w • I 
26.0 70.8 15.1. 
. 2325 202.7 194.0 47.4 
13.7 9.4 0 • / 10=4 
2994 2175 903 123 
4026 1595 1044 275 
llGl 570 377 278 
0201 4344 2403 677 
3133 1G03 1699 1044 
11334 6147 4102 1721 
2400 6bl6 4542 597 
3946 5260 275^ 359 
193 491 315 61 
6540 12366 7614 1017 / / 0 #0 8,1 n A f 0^  3c5 
1499 1549 1445 353 
G035 13915 9059 1370 
59376 43503 19659 2463 
13010 5642 3656 369 
4u22 c C c 
77709 49145 23315 2832 
9516 6160 5268 743 
3172 6o5u 4153 534 
12688 12226 9421 1277 
90396 61371 32736 4109 
14741 16710 10018 1694 
4632 3352 3144 1396 
19372 20062 13162 3090 
1041O 2d24 1170 -322 
845 -168 3 -34 
11263 2656 1177 -356 
o> 
o 
^Tabulated fron saaplo data; for differences in areas and definitions see text. 
^Does not include waste, woods pastured and woods not pastured; all laiid in farr.is was lOo.O acres, 
'^Ilone allocated to crops. 
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Alabama* With the exception of Montana total aorea of crops are in 
about the above proportions* A higher proportion of orops harvested 
were sold in Monteuia and Alabama than in either of the areas in Iowa* 
Both Iowa eireas were predominantly livestook* Zn Alabaioa a oon^arison 
of livestock and livestock products sold with crops harvested but not 
sold and with feed purchased indicates that a large portion of total 
livestock production is consumed at home* This is substantiated by 
the fact that only 38.6 per cent of all farms in the area sao^led are 
olassified as ooinmeroial by the census* In the other areas the per cent 
oonmeroial farms is quite high* 
Tabulated operating expenses other than feed eind livestock vary 
widely and are highest in Montana followed by sharp successive drops 
to each of North Iowa* South Iowa and Alabama in that order* Vftiereas 
land and other Inputs vary widely* the number of workers per farm is 
almost the sana for all four areas. This disproportion in factor 
ratios is reflected in hired wage rates which are quite different. 
They are more than five tines as high in Montana as in Alabama. 
Investnent per farm was highest in North Iowa followed by Montana* 
South Iowa and Alabama. Total investment in North Iowa was more than 
ten times as high as in Alabama. Almost half of the farms were rented 
in North Iowa. The tenancy rates in Alabama, South Iowa and Montana 
followed in that order. The rate of texiancy is appco'ently not closely 
associated with any of the recorded variables. 
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Table 2 was computed from sample data and ia extracted from the 
corresponding items in Tables 54 to 57.^^ Major differences exist 
between these items and those of Table 1. Data in Table 2 apply to 
"commercial farms". Livestock product here includes growing stock 
in the end inventory as well as sales* An approximation of net 
sales plUB home consumed product may be obtained by subtracting 
livestock input from livestock output. Orop product corresponds to 
total crops produced in Table 1, In addition output and input figures 
apply to 1950 while corresponding items in Table 1 apply to 1949. 
Orop yields in Montana were considerably above average in 1950. 
Excepting that most items are larger in Table 2» the same general 
tendencies are apparent in Table 2 as in Table 1. 
Machine seirvices in Montana were more than twice those in North 
Iowa, four times those in South Iowa and almost 15 times as large as 
in Alabama. Crop service use by areas was in the same order but with 
smaller relative differences. All orop capital services in Montana 
were about twice those in l^orth Iowa, over three times those in South 
Iowa and about twelve times all crop capital services in Alabama. In 
both Iowa areas almost as niuch labor was used on livestock as on crops 
but in Uontema a considerably higher percentage of labor was used on 
crops* Although South Iowa is considered a livestock area, the per-
farm livestock product and feed use was considerably higher in Noz*th 
Iowa than in South Iowa. 
^^See Appendix C. 3 for definition of all items in Tables 54 to 
57 inclusive. 
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Total investment in crop production factors was quite high in 
Montana with total value decreasing in North Iowa, South Iowa and 
Alabama in that order. Investment in crop resources was more than 
27 times as hi^ in Montana as in Alabama, Smaller relative dif­
ferences occurred in investment in livestock resources and total 
investment in all resouroea follows a similar pattern. In all areas 
investment in crop resources is considerably higher than investment 
in livestock resources. 
The residuals cvi^r all ooote represent the differences between 
the value of output and the value of all factors used in its pro­
duction. The residual item may be added to any of the factor quan­
tities to obtain the residual retura to that factor. The size of 
the residuals compared to total product indicate considerably larger 
residual returns to factors in crop production than in livestock 
production (or relative over pricing of crop output and/or under-
pricing of crop factors). A comparison of those with the size of 
the input categories indicates the relative importance of the error 
in the residual for any factor and leaves considerable doubt as to the 
usefulness of residuals to measure resource productivity even in large 
aggregates. High crop yields in Montana are largely responsible for 
the relatively larger residual in Montana* In general low produc­
tivity and/or overpricing of factors is apparent in Alabama oven 
though the wage rate used was only about one-half of that in the other 
areas. 
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D* Analytical Uethode 
Two principal methods of analysis have been used. The first is 
the computation of production relationships and resource productivities 
by means of production functions. The second employs a tabular method 
with stratification of such a nature that estimates of the producti­
vities of certain broad groups of resources can be made. The latter 
also provides considerable supplementary data of a descriptive 
rather than analytical nature. Since the basic data and most of the 
definitions employed for the second are identical with the first, 
the former will be considered in detail first and then divergences 
of the latter will be treated. 
1* Production functions employed 
To conform with the need for homogeneity of product laid down in 
Chapter II» the total farm product has been divided into crop product 
and livestock product. Not only are the products distinctly different 
but the kinds and types of resources used are quite different. The 
nature of the production relationships, productivities of similar 
resources and the nature of technical knowledge are also different. 
They are two distinct and quite separable processes wherein the product 
of the crop production process may be sold or, by the addition of some 
new factors, it may be utilized as a factor in the livestock produc­
tion process. 
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The funotions actually fitted may be identified and summarized as 
followsI 
(a) Crop funotlon Ii Y •0cxjx^x|xjx§ 
Wherei 7 = Crop product I ($) 
(or value of all crop product and misoellanoous 
receipts) 
s Cropland (acres) 
X2 = Pasture land (acres) 
X3 = Crop labor (man months) 
X4 • Machine services ($) 
(or custom work hired, fuel and lubrication; 
depreciation and repairs) 
Xg = Crop services ($) 
(or home grown seed, purchased seed, fertilizer, 
lime and spray materials). 
(b) Crop function lit Y -
WhereI Y • Crop product II ($) 
(or value of all crop product plus miscellaneous 
receipts less value of all pasture) 
14 
A detailed discription of items included in each may be found in 
Appendix B. In order to simplify the exposition and to avoid confusion 
In identifying the area and function, the derived form of the function 
rather than the statistical model has been employed here. The title 
of the function and the area to which it applies has been used to 
differentiate between funotions and areas rather than a system using 
different notation or a system of subscripts* 
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B Cropland not pasture (acres) 
X2 a Orop labor (months) 
X3 • Machine-crop services ($) 
(or sum of variables X^ and Xg in crop function). 
(c) Prop function Illt Y 
WhereI Y a Crop product III ($) 
(or same as for crop function I) 
X s Value of all crop inputs ($) 
(or value of all land services, crop labor 
services and machine-crop services). 
(d) Livestock function li Y «0cx?x5x°x4 
•' 12 3 4 
Wheret Y • Livestock product ($) 
(or value of non-breeding stock at end of year, 
non-breeding stook sold, products used in the 
household, livestock products sold and breeding 
stock raised) 
Z Feed fed ($) 
(or value of home produced feed and purchased 
feed) 
X^ : Livestock labor (months) 
X3 s Livestock input ($) 
(or value of non-breeding stock at the beginning 
of the year, non-breeding stock purohaaed and 
breeding herd depreciation) 
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a Other input ($) 
(or value of building aorvlces» fences> 
voterinary supplies and equipment services, etc.) 
(o) Livestock function II; Y = 
1 2 
ISheret Y • Livestock product ($) 
(or same as livestock function I) 
Xj^ • Livestock labor (months) 
Xg = All other inputs ($) 
(or sum of Xj^ Xg ajid X^ of livestock function I). 
(f) Livestock function IIIi Y s ocX® 
Wheret Y • Livestock product ($) 
(or aame as livestock function I) 
X z Value of all livestock inputs ($) 
(or value livestock labor plus Xg of livestock 
function II). 
(g) Aggregate function It Y rorX^X^ 
X 2 
Wieret Y • Total product ($)^® 
(or orop product I plus livestock product I) 
15 
Miscellaneous receipts were erroneously omittid in North and South 
Iowa 1950. The sample average per farm for these items for North Iowa 
1950 and South Iowa 1950 were $195 sind $150 respectively* This omission 
vas not considered sufficiently serious to mirrant reoaloulation of the 
functions involved. 
G8 
- Labor-oapital Bervioeo ($) 
(or value of all inputs used in orop produotion 
exoept land plus value of all inputs used in 
liveetock production) 
Xg • Land (aores) 
(or cropland plus pasture land). 
(h) Aggregate polynomial functionsi Functions up to the 
third degree were fitted. These werei 
(i) CuMcj Y s a bX + oX^ + dX^ 
(ii) Qupdratici Y • a + bX + oX^ 
(iii) Linear! Y » a + bX 
WhereI Y s Total product ($) 
(or same as for Aggregate function I) 
X s Value of all inputs ($) 
(or X;^ from Aggregate function I plus value 
of land services) 
X^ s The square of the individual farm aggregate 
input 
3 
X s The cube of the individual farm aggpregate 
input. 
All functions were computed for all areas. Only the general 
nature of the inputs and outputs have been given in the summary above. 
The exact definition of terms and computational procedures are given 
in Appendix B. 
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Certain items of expense have been purposely excluded. They are 
those which are not physical inputs in the aense used in this study. ^ 
They are taxes» insurance and intsrest. In addition, automobile 
oxpense has been excluded because it ig difficult if not impossible 
to allocate this item between household and production activities 
and between crop and livestock production. Blectjricity and telephone 
expenses have been excluded for the same reasons. In addition the 
automobile (and to some extent the telephone) are used chiefly in the 
marketing activities of the firm which may be considered as a quite 
separate production process. The size of such expenditures is re­
lated very closely to the location of production with respect to marketst 
both product and factori as well as to the quantity of other factors 
or product produced. In this study the process of agricultural pro­
duction has been considered to be complete \i1ien the product (either 
crop or livestock) is "set down at the gate" of the farm. It was 
shown in Chapter II that taxes, insurance and interest influence the 
outlay surface rather than the production surface and have been ex­
cluded on that basis. 
The foregoing methods involve three major points of departure 
from preceding studies using similar statistical techniques. These 
arei (l) the separation of crop production from livestock production, 
(2) a consistent attempt to measure resource service flows rather 
than a mixture of flows and stock resources and (3) the elimination 
of specific items of expense which are not physical inputs. 
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In addition it is to be enphasiised that tha dollar value of 
inputs and outputs are considered as indexes of p):^8ical quantities* 
The p]:^siaal unit is one dollar and the price of this "unit" is 
(by definition) one dollar* That isp if all prices of a single group 
were to increase by say 10 per oent« the unit of msasiu'ement would 
still be one dollar but the price of that one dollar unit would now 
be $1»10» In this sense« the prices have been used only as weights 
6ind the dollar quantities are not also values imless the price (or 
index of prices) is one* 
With the exception of the polynomial functions^ tlie models used 
are of the Cobb-Douglas type* This function yields a constant elasti­
city of product with respect to each factor and assumes rates of 
substitutions with constant elasticities* These properties are derived 
from the fact that the function is linear in the logarithms* Zt is 
this property that makes it possible to fit the function statistically 
by single linear multiple regression after transforming each of the 
variables by taking the logarithm of each observation* 
In the aggregation process used (i*e* summing of individual items 
to obtain a new variable) the is|>licit assuinption is made that the 
variables so grouped substitute at a constant rate and that this 
rate is the reciprocal of the relative prices or weights for evejpy 
observation* This is essentially the same problem met in index number 
ooiqpilation for which no satisfactory solution has been fouiui* It 
not only assumes that the rate of substitution is constant but also 
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that It is knovm to be tha ratio of tha weights used* Such a prooedurof 
while neoessary* is only aa approxltnation at best since it is known 
that items in these groups do substitute at a diminishing rate to 
sona extents A further disoussion of the loerits end weaknesses of 
the function will be given in the disoussion of the en^irioal estimates* 
The weaknesses and advantages of the polynomial function will be 
treated also in the discussion of the en^irioal estimates* 
Aggregative tabular analysis 
The second major approach to the estimation of resource pro-
ductivii^ in agriculture in the selected areas was the use of a 
method of stratification and tabular analysis which makes it possible 
to make sinple arithmetic estimates of marginal productivities* This 
procedure avoids making necessary assuo^tions about the nature of 
the production surface (e.g*, linear and homogeneous of degree one) 
and avoids almost entirely errors remaining in the residual return 
to the factor due to incorrect valuatioa of the resources other 
than the ones for vdiich the productivity estimate is being made 
(i*e*, errors in pricing the other factors)* The confutations were made 
also to provide a check on the production functions as well as to 
provide useful descriptive data about tha sample areas* Confutations of 
this nature were made for the 1950 data only* Tabulations were made for 
crop production, liveatock production and total farm production separate­
ly in each of the four samples. Special interest vms contored in labor 
productivity and the productivity of the combined typos of capital. 
The individual atratifioations will be treated in the ordor montioned 
above. 
(a) Crop production. Cex'tain basic data for each farm were com­
puted using the same computational proosdures and groupings as were 
used for the variables in the production functions. The farms were 
then stratified into three groups of equal numbers according to the 
quantity of labor used on crop production. The third using the least 
labor was designated as group "labor 1"5 the third falling second 
largest was designated "labor 2" and the third having the largest 
amount of labour was designated as "labor 3". A second and indepen­
dent stratification by total capital services divided all farms into 
three equal groups and, in order of size, theit^ were designated as 
groups "capital 1", "capital 2" and "capital 3", Capital services 
include the value of land services and machine-crop aorvices aa com­
puted for the production functions. The samples are divided into nine 
primary groups or cells containing varying numbers of farms. Eaoh cell 
belongs to one of the labor and one of the capital strata. These cells 
have been designated as cell 11, 12, 13, 21» etc. where the first digit 
refers to the labor strattun and the second designates the capital service 
stratum to which the cell belongs.^® For example, farms falling in 
Group 11 should be read "group one* one") group 12 should be read 
"group one, two" etc. 
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group 13 belong to that third of the sample using the least labor and the 
largest quantity of capital services* It is to be emphasized that the 
two stratifioations are independent rather than successive and are> 
therefore, not subolasaifications. 
(b) Livestock production. A similar stratification was made for 
livestock production where labor was used as the basis for one strati­
fication and all other inputs as computed for livestock function II was 
used for the other. The latter group of resources has been called 
capital services in livestock production. 
(c) All farm production. The same procedure was used for all 
production (crop and livestock production taken together) except that 
total labor used on each farm provided the labor classification while 
the value of all other inputs (both crop and livestock) served as the 
criterion for the second stratification* The latter was again desig­
nated as capital services. 
In all cases per-farm averages of certain output, input and in­
vestment items as well as selected ratios of these were computed for 
each of the nine primary cells, for each of the labor strata, for each 
of the capital strata and for the sample as a whole. These calculations 
have been recorded in Tables 46 to 57 inclusive. A detailed description 
of the tables, definition of items and computational procedures used for 
the tables are provided in Appendix C. The stratification procedure and 
cell identification method are illustrated in Figure 6 for crop 
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Canital 
servioea 
used on 
crops 
c' d» 
13 23 33 
b b» 
12 22 32 
a a' 
11 21 31 
0 d 
Labor services used on crops 
Figure 6, Stratification Used for Group Tabulations in Crop 
Production. 
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produotion. The diagram is dravn so as to include the full range of 
both input items. The third of the farms using the smallest quantity of 
capital services fall in the area between aa' and the Xg axis. Those 
falling in the group using the second largest quantity of capital 
services lie between the lines aa' and bb', The farms in the third 
using the most capital services lie beyond bb*. Similarly the 
dividing lines for the labor strata are cc' and dd'. The nine cells 
80 defined are identified and numbered aa shown. 
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IV. PRODUCTION FUNCTION ANALYSIS AND RETURNS TO SCALE. 
It is evident that all of the conditions which should be con­
sidered when making productivity estimates, and from these inferences 
about economic efficiency, have not been taken into account fully in 
the analytical procedures as outlined in Chapter III. Since interest 
is centered on general levels of productivity and in major differences 
between factors both between farms and between areas in order to de­
tect possible economic disequilibrium, its general nature and extent, 
rather than to prescribe exactly in detail v/hat readjustments are 
necessary on particular farms, most of the procedures used are justi­
fied. In addition many refinements in methodology which might have 
been used have been omitted or taken into account by approximate means 
due to limitations in time and funds. Detailed budget studies would be 
required to obtain inferences applicable to each farm with its unique 
oharacteristies. 
Before inspecting the production functions fitted and interpreting 
their results, it is advantageous to review in summary more exactly 
what the functions actually represent. The product in each is not homo-
geneous either between farms or between nreas. It has been measured in 
dollars and, as such, may be Interpreted as an index of output where the 
prices for each commodity are considered as weights. The combination of 
the different types of products (i.e. varieties of orops and classea or 
types of livestock) for various locations in factor space is not known. 
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Certain "faotorB" are actually aggregates of factors and it is possible 
to interpret the input measured in dollars as an index of input* Varia­
tions in factor con^onents are not knom specifically* Certain other 
aspects may not be perfectly uniform* In the case of labor particularly* 
the jneasured quanti-ty nay not be representative of the quantity 
actually en^loyed since this is depeiadent upon the hours worked and 
the intensi"^ of such work and not the quantity available for enploy-
ment* In addition many different techxiiques of production are actually 
included* Finally* there is also the problem of incidence of weather 
differences and other '^hazards'* which may or may not be correlated with 
factor quantity or type* 
The produotion function is fitted to the observations and provides 
an estimated product for any and all combinations end quantities of 
factors* Since it is fitted to observations exhibiting the diverse 
chEiraoteristies listed above* the production surface at any point must 
be interpreted as being the total product of the type found in that 
vicinity on the production surface which can be expected on the average 
from the quantities and types of factors found in the san^le at that 
point in factor space* The product represents that forthcoming from those 
types of resources used and with those techniques esployed in that 
vicinity in factor space* That is* if a path is traced about the produo­
tion surface* not only the quantities of the factors and/or product will 
be changing but the quality of both product and factors and techniques 
of produotion may also be changing to some extent* The surface* 
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therefore, is a typo of hybrid* The produotiTitiee vfhioh are derived 
imply that tha teohniquo of produotion and the quality of the product 
and factors would have to change in tha sane way as they did between 
farina in the sample if the results specified by the surface are to be 
obtained* The productivities do give a general notion of what is 
possible changing factor quantities although they do not provide 
full information on the nature of the adjustmants necessary* The fitted 
surface gives only an avertige of what existed in the sample and does 
not inply that better production methods are not possible* In fact 
unless a perfect fit is attained, it is obvious that all those observa­
tions lying above tha surface represent something better than the average 
and those observations falling below the surface represent something 
below the average which the fitted surface represents* These deviations 
are, in part, sampling variation* The estimated surface itself may 
not be the true surface due to seui^ling variation^ differences in 
techniques and the use of an inappropriate equation form* 
The Cobb-Douglas function has been used as the algebraic form of 
the equation (model or general hypothesis) for most of the produotion 
functions fitted* Whereas it is by no means eua "ideal function", it 
does exhibit many properties which make it very useful for studies of 
this type* For the number of variables included, it is necessary to 
estimate relatively few parameters*^ This gives it a considerable 
^The niunber of parameters for the equations is the same as the 
total number of variables* See also footnote 13, Chapter II* 
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advantage over other types in cost of confutation as well as in mini-
raising the loss of degrees of freedom. It allows diminishing marginal 
rates of substitution and treuisformation* Returns to scale may be 
decreasingp constant or increasing depending upon the sum of the 
elasticities of the various factors* In addition tests of hypotheses 
about the xiature of returns to scale may be readily applied* ^po-
theses about the size of the individual elasticities may be easily 
tested also* After the function has been derived, it is relatively 
easily manipulated mathematically ao that productivity estimates may be 
readily obtained. 
There are other properties of the ftmction which are undesirable. 
The elasticity of each factor ia constant and all elasticities of sub­
stitution are constant regardless of the siee or ratio of the factors 
(the position in factor space). The latter in^lies that only iso-
product contours of type o having constant elasticity are possible 
in agricultural production* Ueuiy of the types of factor substitution 
found in agriculture are not of this type (e*g* land and fertilizer etc*). 
The logarithmic transformation necessary in order to fit the function 
by least squares linear regression allor/s the variance of the treuas-
formed distributions to approach infinity as a single observation goes 
to zero* This introduces the need for special adjustment or rejection 
of observations where the use of one or more factors is quite small* 
Such adjustment or rejection must be on a subjective basis* Estimation 
of the function in such oases is in^ossible with the observations 
included, however, sinoo variance is not finite* 
00 
2 
Crop function Z and crop funotion 11 are presented in Table 3* 
The model used wasi 
Y - oCxjKgXjxJxg 
in the oase of orop funotion 1 and 
y - ocxJx^° 
3 in the oase of orop funotion 11* In the logs orop funotion 1 beootseBt 
log Y • logtC + a log Xj^ + b log Xg + o log Xj + d log X^ *9 log Xg • 
The fimotion is linear in the logs and may be fitted by the method of 
least squareso The ooefficients are the exponents attached to the 
variables* 
The elastioi-t^ of production with respect to a factor is defined ast 
elastic i-ty^ 
i „ dY , aXi 
Y 
„ aY Xi 
^ ^ 
3Xi * Y ' 
For exan^le, the elasticity of production vith respect to X^ ist 
O 
A oos^lete tabulation of all other items of interest respecting 
these funotions except the standard errors of the '*b's'* is given in 
Appendix D, Tables 58, 59« 66 and 67* 
<Z 
See Chapter III for identification of the variables and note 
again footnote 14 in Chapter III. 
Table 3, Elasticities, Su:.i of Elasticities and Standard 
L'ri'ors of Estijiiate for Individual i-Lesoiirces Used 
in Crop Production 
uontana 
1950 
ITorth 
Iowa 
1950 
South 
loT/a 
1950^ 
AlabaJ-ia 
1950 
Korth 
lov/a 
1939 
Soutii 
lov/a 
1939 
Crop function I 
Elasticity; 
Cropland 
Pasture laud 
Labor 
Llachino sei*vicos 
Crop services 
Oc2242^ 
-0.0057 
0 .OuJ;3 
0.3364^ 
0.4690^'-
0.9263^ 
0c0037 
0.0796*^ 
0.0041 
0.0721'^ 
0,7116^ 
-O0OOO5 
0.0697 
0.1955^ 
0,0668^ 
0.2205^3-
0c04G5 
0.2122^ 
0.2173^^ 
0.3192^ 
0,2723 
0.0171 
003593^= 
-0.0057 
0O2155^ 
0.3335^ 
0.0493° 
0=0929 
0o2348a 
0.0930^ 
Sua of elasticities 1.0901 1.0856 1.0431 1=0177 0.G704 0p9040 
Standard error:S 
Cropland 
Pasture laiid 
Labor 
Liachine services 
Crop services 
O.2203 
0.0354 
0.1363 
0,2105 
0.2019 
0.1174 
O.O2I0 
0.0933 
O0O255 
0.0739 
0.1091 
0.0351 
O0I239 
0.1000 
0.0542 
O0I338 
0.0925 
0.1503 
0.1305 
•0=1333 
0.4421 
0.0323 
0c4200 
0.1120 
0.0964 
0o346l 
0-.0549 
0.3436 
O0I299 
O0O704 
Crop function II 
' Elasticity: 
Cropland not pasture 
Labor 
;^;acIiino-crop sei^/iccs 
0.5032 
0.0394 
0.5.04 
0.9124 
0.0756 
0.1S47 
0.0051 
0 j02ud 
0 ;2o5t! 
0.3347 
0.3172 
0.4627 
Sun of elasticities 1.123c 1.152V 1.1196 1.1666 
Standard error:" 
Cropland not pasture 
Labor 
i.'achinc-crop services 
Oolcul^ 
G.1420 
0,241o2-
G.1366" 
0.0962'^ 
001361" 
0.1236^ 
0.1059 
0.1171!^ 
0.2013^ 
Ooi3ii^ 
0 .loUl^ 
F-test 3=35 I •UJ 3^u4 6.20" 
Significant at O0OO5 level (one-tail t). 
I 
^ CLO U CiX W a-CVLkV. 
Labor 
I-iachino services 
Crop services 
0,0653 
0.3384^ 
0.4690-' 
0.0041 
0.0721*^ 
0^0697 
0,1555^ 
0e0668^ 
0.2122^ 
0.2173®^ 
0.3192^ 
OO3593'^ 
-0.0057 
0O2155^ 
ocons 
0O2O48^ 
0.0930^ 
Suia of elasticities 1,0901 1.0858 1,0431 1=0177 0,8704 Os.9040 
Standard erroi':S 
Cropland 
Pasture land 
Labor 
liachine services 
Crop services 
0.2283 
0.0354 
0.1363 
0.2105 
0.2019 
0.1174 
O.O2I0 
O0O933 
O0O255 
0.0739 
0.1091 
0.0351 
O0I239 
0.1000 
0.0542 
Oc.1333 
0.0925 
0.1503 
0.1305 
'0=1333 
0,4421 
0.0323 
0c4200 
0.1120 
0.0964 
Oo346l 
0-.0549 
0.3456 
O0I299 
O0O704 
Crop function II 
' Elasticity: 
Cropland not pasture 
Labor 
i^chine-crop services 
O0O32 
0.0394 
0.5.04 
0,9124 
0.0756 
0.1647 
0.0051 
0 ^ 02^0 
O.2C56 
0.3:47 
0.3192 
0.4627 
Sum of 0lastic.lties 1.123c 1.1527 1.1196 1.1666 
Standard error:" 
Cropland not pasture 
Labor 
i'^chinc-crop serv-iccs 
Ool^ol^ 
0=1420 
0o241oe-
0.1366^ 
0.0962'^ 
O0I36I" 
0.1236^ 
0.1059 
0.1171^ 
0,2013®-
001311®-
0,1601^ 
F-test 3-55 7 I • ^ 3co4 6,20"^ 
Significant at O0OO5 level (one-tail t). 
•^Signifioaiit at 0.o025 level (one-tail t). 
^^Significant at 0c050 level (one-tail t). 
'^Significant at 0.100 level (one-tail t). 
®F significant at 0,01 level (F at 0,01 level - 6.32 to 6^92 depending on dsfo)^ 
% significant at 0^05 level (F at O0O5 level s 3.71 to 3«9^ depending on dcfo)o 
"0o05 half co:ifidenco intor'/al. 

elasticity^ • ^ . 
^ axi Y 
This Is the product of the marginal product of Xj^ and the inverse of 
the average gross product of X],. 
The marginal product of is given byi 
ay 2 0(a 
— 1 2 3 4 5 
a 
% 
The elasticity for X-|^ baoomesi 
elasticity 
A-i & X At ^ X -L s a • 3,  ^. .. '.H *••• 
Xj^  y 
The elasticity of Xj^ is, therefore, .Its exponent. This may be shown for 
all other factors. The marginal product at any point is the elasticity 
of the factor multiplied by. the predicted average gross product of the 
factor.^ The regression coefficients of the logs of the factors are 
the exponents of the original equation (the production function) and 
these in turn are actually the elasticities of the respective factors. 
They have been designated as elasticities in Table 3. 
Total product (Y) must be computed for that point in factor space 
which implies that the quantities of all the other factors must be 
specified and held constant at that point. 
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If a factor is mltlplied by some oonstaut k. It is evident that 
Y will inoreaae by the proportion k to the power of the exponent 
(elastici'ty) of the factor. Zf k is equal to 1.01 (i.e* a one per 
cent inorease in the factor)» the elasticity may be interpreted as 
the percentage Inorease in output for a one per cent inorease in the 
factor* If all factors are multiplied by the same constant k« 
it is evident that the ohsinge in Y which occurs is Y times the con­
stant to the power of the sum of the exponents (sum of elasticities)* 
The proportional change in all factors Just designated constitutes 
6 
the definition of returns to scale* The sum of exponents* therefore, 
denotes the degree of returns to scale* The elasticities have been 
summed and are presented in Table 3* The standard errors of the 
^Strictly, this is only tme for infinitessimally small changes 
in factor quantities* 
Q 
Zn this study* because of the hybrid nature of the machinery input 
and non-homogeneity in certain of the other factors* returns to scale 
as measured by the sum of elasticities must be interpreted as something 
of a hybrid between returos to scale (in the above "pure** sense) and 
returns to outlay on the average* Because of the nature of capital* 
there is good reason to believe that the optimum outlay line between 
machinery and other faotors is not a straight line through the origin 
but (l) is curvilinear and bonds toward the machinery eixis as output 
Increases* or (2) is linear and intersects the machinery axis at a 
negative value* 
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slastloities have been converted to half-oonfldenoe Intervals com-
7 
puted at the 0.05 level* These are also recorded in Table 3. The 
0 levels of signifioanoe of the elasticities are.indicated also* For 
these a "one tail t'* test was used since interest is in only if the 
elasticity is greater thsui zero* Elasticities less than zero are incon­
sistent with production logic and nay be rejected on that basis* An 
9 
F-test was computed for crop function II in eaoh area* The test as 
applied provides a test of the hypothesis that the sum of elasticities is 
xiot different from one* This is a test of signifioanoe for the degree of 
returns to scale* Other data are given in Tables 58, 59, 66 and 67*^*^ 
7 
'See Snedecor, 0< W*^ Statistical Methods, Fourth Edition, Iowa 
State College Press, Ames, Iowa, 1946, Chapter 13* 
^These have been erroneously attached to the standard errors of the 
elasticities for orop function II in Table 3* The footnote reference 
code should be attached to the corresponding elasticities listed a few 
lines higher in the table* 
^See Tintner, Gerhard, Econometrics, John Wiley and Sons Inc*, New 
York, 1982* 
^^These include logc^, «C, the means of the logs of the individual 
variables, the geometric means of the variables, the exact siee of the 
cosfiutod t*s, R and R, the single coxrelation coefficients between all 
pairs of variables and other related items of interest* These data 
are all essential to cex*tain tests and confutations and are helpful in 
interpreting the data presented in Table 3* These data are recorded 
also for possible future reference in con^arisons with other studies 
and other methods* 
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Similar data for livestock function I and livestock function II are given 
in Table 5 and further details are provided in Appendix D, Tables 61, 
62, 68 and 69.^^ 
The elasticities for crop function I presented in Table 3 vai^ 
widely not only in size but in level of significahoe. This is true, 
not only between factors within functions, but for the same factors 
between functions. IJany of the coefficients are not significant at 
any acceptable level. Note that land and crop services are in general 
significant at higher levels than are the other factors. With the 
exception of both North Iowa samples this is true also of machine 
services. The low elasticities for pasture land may be explained by 
the relatively low productivity of this factor. It should be noted 
also that, if the contribution of pasture to total output has been 
undervalued in the weights used in computing the value of pasture, the 
result is partly Inherent in the methods employed. The negative elasti­
cities of pasture land in Montana and South Iowa 1950 may be due to the 
fact that, as total pasture land increases, it requires mors time (labor) 
and machine services (in transporting factors about) in order to accom­
plish the same net application of maohine-labor-orop services to cropland 
since the additional pasture land must be by-passed. This will not be 
apparent in the productivities of the other factors but mostly in the 
productivity of pasture land since more wasted input is required not 
^^To avoid taking the information in individual tables "out of 
context** certain cross references will be made to tables presented and 
studied in more detail in later Boctions. 
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only as the acreage of pastux^ land increases but mostly as its pro­
portion to cropland increases* Because of this relationship the 
independent productivity of pasture is underestinated but as it is 
found in the sas^le its net productivi'^ is not likely to be in error* 
That is« the productivity of pasture land is imderestimated to the 
extent of its relationship with the **intemal diseconomies of trans­
portation" in agricultural production* 
Returns to scale in each of the 1950 san^les are increasing while 
the 1939 sanples returns to scale are decreasing* Since no F-tests 
were ooii|>uted for crop function 1, it is not known if these are signi­
ficantly different from constant returns to scale* By oosparing the 
sum of elasticities and multiple correlation coefficients for crop 
funstion 1 with the corresponding items and the Potest for crop function 
II, it is unlikely that the level of significance of F for crop function 
I would be as high as for crop function 11* 
The same general tendencies are apparent in orop fimction II as 
in orop function I* In function II, however* the value of pasture has 
been omitted from output and machine and orop services have been aggre­
gated together* Land not pasture is significant at the *006 level in 
all cases and, with the exception of Nox*th Iowa 1960, machine-crop 
services are also significant at the same level* Labor, however, is 
still not significant at any acceptable level in Montana and in South 
Iowa 1950* Returns to scale in all cases are increasing* These are all 
significant if an F only slightly below the *06 level is considered 
87 
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aooeptable• 
Conslderixig* now, orop function III (Table 4) whloh was oonputed 
using an aggregate input, the elasticitiea for North and South Iowa 
19S0 are both greater than one and significantly different from one at 
13 
the •05 level. The elasticity of the aggregate input in Uontana is 
greater than one and not significant. The elasticities for Alabama 1950, 
North lona 1939 and South Iowa 19S9 are less than one and not significant. 
Considering all of the crop functions, there is a general tendency 
toward increasing returns to scale. This is much more narked in the 
oaso where pasture input and output is excluded (crop function II). 
Crop funotion III may be looked upon as measuring ntore nearly returns 
to outlay than pure returns to scale. It msy be noted also in Tables 
46 to 49 inclusive that the value of land per orop acre has a tendency 
to increase with size of input and output. This will reduce the degree 
of returns to actual outlay for the aggregate input in. function III. 
The ftmotion still does not represent a measure of returns to optimum 
outlay however. 
It can be shown that the product of optimum outlay for the Cobb-
Douglas function is given byt 
- ) b, bj, b b 
y - oCfebi) ^ (b,^ 1 (bg) 2 ^ 
O O ( ) rsib ^ 
(P;^) -(p^) • —(^) Z 
^^F.05 for the applicable degrees of freedom in these functions is 
approximately S.91. 
^^Additional data for orop function III are presented in Appendix D, 
Table 60. 
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Table 4 . Elasticity nnd Standard Error uf Lstiinate of Crop Function III 
i'lontaiia Worth South Alabairia North South 
Item 19^0 Iowa Iowa 19^0 Iov;a Iowa 
191^0 1950 1939 1939 
Elasticity lo06^:960 1»130753 lom3597 -978530 o93U658 ..951550 
Standard error .132352 ol21l68 .1^2806 .138609 .090836 .09U79U 
F - test .969776 Uo5h6729^ 3.9U7978^ .093966 2o027hU3 1=026039 
^ F sifr^nificant at <,01 level 
F significant at .05 level 
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where 1 p 1, the b's represent the elasticities of the inputs 
with the corresponding aubgcripts, are the prices of the corres-
ponding factors and Z represents one unit (dollar) of outlay along the 
optimum outlay line. It oan be shown also that at some single point 
the value Y and Z are equal if returns to scale are not constant. In 
the case of constant returns to scale such a value is indeterminant 
since Y is proportional to Z for all values of Z. In the case of 
increasing returns to scalej the optimum outlay and the corresponding 
level of the production surface diverge beyond the point of inter­
section. Under constant prices when returns to scale are increasing, 
the marginal value product of outlay is increasing. Since all other 
resources except land have other opportunities outside of agriculture 
and may be expected to migrate and since land has no other alternative, 
the larger resource owners have a differential ability to accumulate 
capital since their current needs do not increase as rapidly as income. 
Since the surfaces intersect and then diverge, capital may be accumu­
lated not only in larger absolute amounts per firm, but at an increasing 
rate per unit of resource already owned. Since the marginal value 
product of outlay is also increasing (derived from the above situation), 
it is poaaible for owners of large units to pay a price somewhat above 
the owners of small quantities of resources and still maintain an equal 
or greater rate (per unit) of resource accumulation. Evidence of this 
tendency to appear in practice is provided by the fact that the price 
of land for the larger units tends to be higher for large than for 
small farm units it^iere the price of land is not dorainantly influenced 
by an increasing proportion of pasture to crop land. As indicated 
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earlier this differential abilil^ to conimand resouroes tends to be 
directed toward land through the incidence of mobility of resources* 
This is further substantiated by the fact that* as total resource use 
(outlay) increasesf the prios of labor (the other main resource the 
price of which, in the residual, is determined in agricultux^) is 
the short run has no tendency to increase. The higher factor pricing 
for land is further substeuitiated by the fact that only land and labor 
were converted to dollar input in crop function III and returns to 
'^soale'* in orop function III are generally lower than in crop function 
14 
IIo There is little or loo evidence, except in Alabama* that the 
quality of land is higher on the larger units* The shift in qualiiy 
of land that is evident is toward lower quality on the larger uxiits* 
The long-run pressures on distribution of resource ownership and control 
are apparent* This has in^oirbant in^lications on long-run shifts in 
the distribution of inaam between operators in agriculture* 
Data for livestock function I and livestock function II are presented 
in Table 5*^^ In both functions the elasticities are acceptable at 
reasonable levels* In livestock function I the method of confuting 
labor apparently is responsible for non-significant elasticities in 
the 19S9 SGUi^les* It is not likely that retiums to scale for any of 
^^See product per crop acre in Tables 46 to 49 inclusive* 
^^Additional data are presented in Appendix D( Tables 61, 62, 68 
euid 69* 
Table 5, Elasticities, Sun of elasticities aiid Standai'd 
Srrors of I;sti;nat8 for Individual P-esourcos Used 
in Livestocic Production 
i.rontana 
1950 
north 
Iowa 
1950 
South 
Iowa 
1950 
Alabai.'ii 
1950 
Korth 
lov/a 
1939 
South 
Iowa 
1939 
LivestocI; fuiiction I 
Elasticity: 
Feed 
Labor 
Livestock input 
Other input 
0.2640^ 
OOOG73^ 
• 0.5674°-
0.0741'' 
0.4136^, 
O.OGoO'^ 
0.4473^ 
0.0316 
Oc374lf 
0.1155" 
Oo5029^ 
0.0573" 
0.3024^ 
0,2300^' 
0.3697^ 
0.0458'' 
0.1235^ 
0.0147 
006756? 
0.0865" 
0.1945^ 
-0.0350 
006910^ 
0.1513^ 
Surn of elasticities 0.9920 0o95o5 1.0503 O09479 0c9003 I.O71S 
Standai'd error; 
Feed 
Labor 
Livestock input 
Other ini/ut 
0.1042 
0.1272 
0o0342 
O0O349 
OalOOO 
0.0046 
0.0648 
0.0053 
0.0508 
O0O743 
0.0623 
0.0677 
0.0994 
0,1307 
O.O064 
0.0695 
0.0575 
0.0603 
0.0724 
O0O762 
0.0643 
0.0790 
O.O033 
0.0754 
Livestocl: function II 
Elasticity: 
Labor 
All otlier inputs 
0.,0.J39'^ 
0^9370^ 
0.0769'' 
0,9067^ 
0.1166"^ 
0.9o20^^ 
0,2334^ 
0c7431^ 
Sui;: of elasticities 1.0209 009836 1.0906 0.9765 
Standard error; 
Labor 
All other inrjuts 
0..I090 
O.O026 
0 .OoOo 
0.0646 
0.0972. 
• 0c06u6 
0.1273 
0.cJ56 
F-test OC35 0.21 4.34^ 0.22 
^igiiificcint at 0^005 IevoI (one-tail t)« 
'^Si£iiificant at 0.025 level (one-tail t). 
'^Significant at Oc.050 level (o2ie-tail t). 

Labor 
Livestock input 
Other input 
0.5674^ 
0.0741° 
0.0660"^ 
0.4473^ 
0.0316 
0.1155'^ 
0c5029^ 
0.0573° 
0.2300^ 
0.3697^ 
0.0458'^ 
0.0147 
0 06756?-
0.0865^ 
-0.0350 
0.6910^ 
001513a 
Sus: 01 elasticities O.9920 Oc95o5 1.0503 Oo9479 0=9003 1.071S 
Standai'd error: 
Feed 
Labor 
Livestoci: input 
Ot]ior irii/ut 
0.1042 
0.1272 
O0OO42 
0^0649 
0^1000 
0 .OU46 
O.O64O 
0.0o53 
o.osoO 
O0O743 
0.0623 
0.0677 
0.0994 
0.1307 
0.06D4 
0.0695 
0.0575 
0.0603 
0.0724 
0„0762 
0.0643 
0.0790 
0.0033 
0.0754 
Livestec!: function II 
Slasticity; 
Labor 
All other inputs 
0 c0o39^ 
0.9370°-
0.0769° 
0.9067'^ 
0.1166'-^ 
0.9o20^ 
0.2334°-
Oc7431^ 
Sum of elasticities 1.0209 009S36 1.0906 0.9765 • 
Standard error: 
Labor 
All other inputs 
0.1090 
0.0a26 
O.OcOo 
0.0646 
0.0572 
0 o06u6 
0.1273 
0.0356 
F-test Oc35 0.21 4.34^ 0.22 
at 0^005 level (one-tail t). 
'^Significaiit at 0.025 level (one-tail t). 
^^Significant at O0O50 level (one-tail t). 
^Si[]nificant at 0.100 level (cne-tail t). 
sisuificai'it at 0^01 level (F at 0.01 level = &.32 to 6.92 depending on d.r,)cr 
% significant at 0,05 level (F at 0.05 level = 3.91 to 3,94 depending on d.fo}o 
"O3O5 lialf confidence intervalo 
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the first group of funotiono would have tested significant except 
perhaps in South Iowa 1939. In South Iowa 1950 only, returns to 
scale are sicnificant and increasing. In the other areas, retui'ne 
to scale may be assumed to be constant. 
Referring to livestock function III in Table 6, Montana, South 
Iowa 1950 and South Iowa 1939 ahov/ inci'eaains returns to ucale and are 
significant. Mote also through functions I, II and III that, as 
more aggregation of inputs has been made, returns to scale in every 
case has increased. T}ie lattor is, however, more in the wuy of 
returns to actual outlay than returns to scale. The increase in 
"returns to scale" between livestooik function I and livestock function 
II may be explained in terms of increasing proportions of the more 
highly productive resources in the aggregate variable in the larger 
farms. This is supported in general in Tables 50 to 53 inclusive 
in recognizing that the proportion of livestock input to feed input 
is increasing with larger outputs. At the arithmetic mean use of 
factors, the marginal value product of livestock input is hi^er than 
the marginal value product of the corresponding feed quantity. 
The increase in returns to scale bstween livestock function II 
and livestock function III may be explained similarly sines the marginal 
value product of outlays of labor are higher than for similar outlays 
^®For additional data relating to livestock function in see 
Table 63. 
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Tr.ble 6 . rilarjt • Lcity "i.n'i Standard I'irror oi' iv .-tiinate of Livestock l''unction 
I bcin 
Hontana 
195^0 
North 
Icwa 
1950 
South 
Iowa 
1950 
Alabarua 
1950 
North 
Iowa 
1939 
South 
lov.'a 
1939 
Elasticity loOO!^l8l lo016281 I0I67882 1.011+526 0981503 1.230931 
Standard error =06U337 0O57502 0070879 o083)i9li .095586 0I26O62 
F - test 6,793936^ ,313022 21.905llU^ .ll8Li9U .11467 13.1U28^ 
^ F signii'icant at ,01 level 
^ F siyiii'icant at ,05 level 
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on the other reaouroes on the larger units. This su,'?.-e3te that labor 
is more effeotively employed in the larger units. Since, in spite of 
this, the ratio of other input to ?nbor is increr.sad in the Inrcer 
units, the optimum outlay line must be curvilinoRr and bond toward 
the capital axis or it, at least, intersects suooessivoly higher 
capital to labor ratio lines as output (and factor use) increases. 
This hypothesis cannot be tested by varying factor quantity using the 
Gobb-Douglas function directly since the marginal rate of substitution 
in the Cobb-Douglas function is constant for any given factor ratio. 
An analysis of residuals about the production surface could substantiate 
or reject such an hypothesis. 
In the foregoing discussion a large number of production functions 
for both crop and livestock production have been taken in groups 
(actually treated as a sample of production functions) in order to 
draw certain general conclusions about the nature of production in 
agriculture v/hich could not have been made if the functions had been 
treated individually exclusively. The general conolusiona which may 
be drawn are summarized below. There is a tendency toward increasing 
returns to scale. Thsre is distinctly no tendency toward decreasing 
returns to scale. Returns to outlay appear to be greater "than returns 
to pure scale. The advantage in larger outputs in returns to outlay 
in crop production shows a tendency to be projected toward a higher 
price of the least mobile factor, land. This implies in turn an optimum 
outlay line between land and other factors favoring higher proportions 
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of land at higher expected outputs. Returns to outlay in livestock 
production also tend to be higher than pure returns to scale. Here» 
the optimum outlay line appears to bend in favor of higher proportions 
of capital inputs as output increases. 
Before discussing the general conclusions which may be drawn from 
the functions treating crop and livestock production taken together, 
it is necessary to investigate the relative productivity of resources 
between crops and livestock vdthin individual areas. 
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V. MARGINAL PRODUCTIVITY OF CROP RESOURCES 
The elastioltleB and returns to soale In crop cuid llvestook 
production were dlscusaed In Chapter IV. In order to obtain more 
meaningful oos^arisone, marginal products for each of the various crop 
rosources have been confuted for each of the 8aiq>lo areas* The toarginal 
products of the specified resources oon?)uted at their geometric moan 
UBO are presented in Table 7 for each sample* The geometric meeui of 
each of the resources aiad the product is given also. The average 
gross product of each specified resource is computed ^nd recorded. 
Since the production siurfaoe passes through the geometric mean output 
at the point where all of the factors are at their geometric means, the 
geometric mean output is also the predicted product for that combination 
of resources. As shown in Chapter IV, the marginal products are the 
average gross products of the resources multiplied by their respective 
elasticities. 
The per-farm geonetrio mean products reflect the same wide 
differences illustrated earlier by tho arithmetic means of the 1960 
sanples. For exaiqple, the total crop product per farm in Montana is 
about twice that of North Iowa 1950, four times that of South Iowa 1950 
and 15 times the average product in Alabama. Since the product is 
measured in dollars, the difference in the general level of prices has 
a dominant influence on the differences between North and South Iowa 
1960 and the samples for the same areas in 1939. The value of crop 
product in North Iowa 1960 was about three times larger than for the 
Table 7. Goonietric LCean, Llarginal Product and Average Product of Resources 
Used in Crop Production, All Inputs at Their Geoinetric Lfeans 
l^oiit aiia 
1550 
Morth 
Iov;a 
1950 
South 
lo^m 
1950 
Alabama 
1950 
Korth 
lov/a 
1939 
South 
lov/a 
1939 
Crop function I 
Geon^etric raan: 
Product^ 
Cropland 
Pasture land 
Lalior 
Machine services 
Crop services 
16183 
774o6I 
314.20 
11.07 
3327 
913 
3054 
162=96 
10,54 
8.08 
1471 
452 
4352 
104.97 
42.05 
7.97 
373 
246 
1033 
27.38 
9.19 
3 = 24 
211 
203 
2684 
137=37 
11=50 
7.34 
534 
114 
1203 
31=01 
47.52 
4.39 
262 
57 
Marginal product; 
Cropland 
Pasture land 
Labor 
Ijachine services 
Crop sejTviccs 
4O63 
-0.35 
95.42 
1,646 
S.309 
45 >-73 
2C53 
72.lo 
0.022 
1.236 
29.50 
-O0O5 
33.02 
0.975 
IC.133 
0 o76 
5.74 
28.01 
1.121 
1-707 
5.32 
3.99 
131c63 
-O0O29 
5 C.069 
5.70 
1O26 
25^45 
1.307 
1.948 
Average product; 
Cropland 
Pasture land 
Labor 
Llachine services 
Crop sor'/icGG 
20.G? 
51.49 
1462 
4.G&3 
17.72 
49.42 
764C20 
907 
5C475 
17.32 
41.46 
103^50 
545 
4.934 
17.72 
39.75 
113,40 
132 
5ol60 
5.. 35 
19.54 
233.50 
366 
5.030 
23.52 
I4c35 
25.32 
274 
4.589 
20c96 
Crop function II 
Geometric i:Can: 
Product 
Cropland not pasture 
Labor 
;>iachine-crop services 
15646 
774.61 
11.07 
4320 
7644 • 
153.02 
3 .CJS 
19^.3 
3831 
97.64 
7.97 
llGl 
1015 
21=05 
0.42 
440 
liirsinal product: 
Cropland not pasture 
Labor 
T'nf-.'i-i ne-croo services 
10.29 
56.40 
2.129 
45.34 
•65.12 
C0633 
31.59 
13 <>36 
0.927 
13=55 
3-.47 
1.067 

Labor 
Ijacliine seirvicQS 
Crop sejTvices 
llc07 
3327 
913 
0 0 *00 
1471 
452 
7.97 
873 
246 
o=24 
211 
203 
7.34 
534 
114 
Tl •JC. 
4.39 
262 
51 
I.arginal product; 
Croplaiid 
Pasture land 
Labor 
liachine services 
Crop services 
4 s 63 
• -0=35 
95.42 
1.646 
8.309 
45.73 
2cS3 
72.10 
0.022 
1.286 
29.50 
-0c,05 
36.02 
0.975 
1.,I33 
Go76 
5.74 
23.01 
1.121 
1.707 
5.32 
3.99 
131=63 
-O0O29 
5o069 
5.70 
1^26 
25.45 
1.307 
1.948 
AveraSQ product: 
Cropland 
Pasture land 
Labor 
Haciiine services 
Crop sor-zices 
20.89 
51.49 
1462 
4.063 
17.72 
49.42 
764c20 
907 
5.475 
17.32 
41.46 
103.50 
545 
4.934 
I7c72 
39 c 75 
113.40 
132 
5ol6o 
5^.35 
19.54 
233.50 
366 
5.030 
23.52 
14c35 
25.32 
274 
4.589 
20c96 
Crop function II 
Geonetric niean: 
Product 
Cropland not pasture 
Labor 
tiachine-crop services 
15^46 
774.61 
11.07 
4320 
7644 
153.02 
0.08 
19o3 
3831 
97 ..64 
7.97 
llGl 
1015 
21c 05 
0.42 
440 
i-arginal product: 
Cropland not pasture 
Labor 
iiachine-crop services 
10.29 
56 j4d 
2.129 
45.34 
•65.12 
60633 
31.59 
13e06 
0.927 
i3o55 
3^.47 
1,067 
Average product: 
Cropland not pasture 
Labor 
I^cliiiie-crop sox'vices 
20.46 
1432 
3067 
49.70 
u6l 
3.0:? 
39.24 
4oG 
3.24 
48.21 
120 • 
2o31 
^Units of neasurcncnt: product (v); cropland, cropland not pasture aiid pastui'o land (acres); 
labor (montlis); uacliine services, crop services aiid r^icliino-croy corviccs (v)« 
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same area in 1959. In South Iowa output was more than three and one-half 
times the 1939 figure* 
The differences in the total product reflect the wide differences 
in factor use of all factors except labor. The effect of these 
differences is largely removed in observing the average product of the 
five resources given for crop function I. The product per acre of 
cropland in Montana is much lower than in the other three areas. 
This reflects the difference in the productivity of the soil in the 
area. The average product of labor in Montana bears much the same 
relationship to the other areas as does the total product. Product 
per dollar of machine service is almost the same for each of the 
areas with North Iowa 1960 being slightly higher than for any of the 
other areas. Comparisons of the average product of pasture land and 
crop services are not warranted because of the differences in the 
nature of agricultural production between the areas. It should be 
emphasised that the only reason for considering the average product 
as such in any comparisons is the relatively high degree of correlation 
which it usually bears with marginal productivity or residual return per 
capita. (The latter is a measure of the "^level of living" attainable 
for a region or other industrial group). 
In general, crop function I is not a highly successful description 
of output response to inputs. The level of significance of certain of 
the variables in some of the areas leaves much to be desired.^ The order 
^See Table 58. 
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of the marginal produotivities of land and labor betneen areas seem 
reasonable* however, although actual differences may be somewhat over­
emphasized. The ooourrenoe of the negative productivity of pasture 
land in Montana and South Iowa 1960 may be explained in the same way 
as the oorresponding negative elasticities in Chapter IV* The very 
large marginal value product of crop eervioes in Montana raflscts, 
perhaps, the high productivity of weed spray in Montana* The 
productivii^ of crop services is probably overstated, however, because 
E 
of multicolineari't^ between crop services and land. The low marginal 
product of machine service in North Iowa 1950 may be explained in 
part by the existence of excess capacity of machinery in the area. 
This, however, was not so likely true in 1939 when the marginal 
product derived was negative. The "joint correlation" of labor and 
machine!^ with land in Worth Iowa 1950 is very little larger than for 
2 
either of the variables taken separately. An analysis of the residuals 
(deviations of the actual product from the production surface) for 
differences in product and the form of machinery services may yield a 
satisfactory explanation. With existing information the exceedingly low 
productivity of machine services in North Iowa 1950 must be considered 
spurious. This result more than any of the others lends support to the 
2 See the simple correlation coefficients in Table 66. Note that 
r^B is larger than any other correlation including the multiple 
correlation coefficient R. 
®The "joint correlation" referred to here is the multiple R for 
the linear regression (in the logs) of land on machine services and labor. 
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hypothesis that the area of substitution between land and the machine-
labor group of servioes is quite narrow (for any output, the ratio of 
factors can change only within a narrow range before the marginal 
product of one of the resources is reduced to zero) and that 
successive iso-product contours are such that they increase with a 
high correlation to an increase in land. %at is, a curve joining 
points with the same rate of substitution (any isocline) turns 
markedly toward the land axis as output inoreaaes. 
Marginal productivities, geometric means and averapie products 
for crop function II are given in the lower part oF Table 7. Note 
that the marginal products of "cropland not pasture" are considerably 
different from ithe estimate in function I for almost the identical 
factor "cropland". The marginal products of labor differ considerably 
from function I, An of the elasticities are highly significant except 
labor in Montana end South Iowa, llie marginal productivities may be 
considered to be more reliable for function II than for function I, 
These are treated in greater detail in later tables. 
Arithmetic means of the variables and the average products com­
puted from them are presented in Table 8, ^he marginal products of 
resources computed at the arithmetic moan use of all resources are 
also presented. TThoreas the marginal products computed at the geometric 
mean use of resources have a minimum probable error (the variance of Y 
is a minimum at this point), the variance and skewness of tlie 
distributions of the variables leave the geometric means not too 
representative of the sample as a whole. The marginal products 
Table 8 , Aritliootic Mean, larginal Product and Average Product 
of Resources Used in Crop Production, All Inputs at 
T'neir AritlurBtic :.;eans 
Itei:; iiontana north S outh Alabane 
1950 Ioi7a Iov;a 1950 
1950 1950 
Crop fuiicijion I 
Aritlinetic Eean: 
Products- 21752 8971 5273 1398 
Predicted product 20910 3904 5227 1422=4 
Cropland 975a0 176.7 123.2 32.3 
Pasture land 1350.0 26.0 70.8 15=1 
Labor 130740 9--.446 3.726 10.441 
xJachine seirvices 4026 1598 1044 275 
Crop ser\''iccs llol 570 377 273 
iJarjinal product: 
Cropland 
Pasture land 
Labor 
Llacliii-ie services 
Crop services 
-0.104 
99.38 
1.756 
84,304-
46.66 
1,267 
75.03 
0.023 
1.126 
30.19 
•0.037 
41.75 
0.979 
0.926 
9.71 
4.569 
26.91 
1.124 
1.633 
Average product: 
Cropland 22.31 50.77 42o80 43,28 
Pasture land 16.11 345.04 74.48 92.58 
Labor 1583 950 604 134 
liaciiine ser-/ices 5.40 5.61 5.05 5.03 
Crop services 13.42 15.74 13.99 5.03 
Crop function I± 
Aritiu-etic nean: 
Product 21419 u551 4777 1322 
Predicted product 19954 0333 4613 1267 
Cropland not pasture 975.0 l66c6 114o9 23.0 
Labor _ 13.740 9„446 6,726 10o441 
Liachine-crop services 5207 2163 1420 553 

Predicted product 
Cropland 
Pasture land 
Labor 
Machine services 
Crop services 
liir^inal product: 
Cropland 
Pastiure land 
Labor 
llacliine senrices 
Crop services 
Average product: 
Cropland 
Pasture laiid 
Labor 
iacliine serv^'ices 
Crop services 
20910 3904 
975^0 176.7 
1350.0 26.0 
13 <>740 9o446 
4026 1598 
ll3l 570 
4»wl 46.60 
-0.104 1,267 
99O38 75.03 
1.75s 0,023 
8o304 1.126 
22.31 50.77 
16.11 345,04 
1583 950 
5.40 5,61 
16.42 15.74 
5227 1422a4 
123.2 32.3 
70.8 15 ol 
3.726 10,441 
1044 275 
377 278 
30.19 9.71 
-0.037 4.569 
41.75 26,91 
0»979 1.124 
0.926 1.633 
42oo0 43,28 
74.48 92.5s 
604 134 
5.05 • 5.03 
13.99 n 0"^ J J 
Crop function II 
Aritiu-etic nean: 
Product 21419 8551 4777 I322 
Predicted product 19594 0383 46l3 I267 
Cropland not pasture 975.0 l66e6 114^9 23.0 
Labor _ 13.740 9o446 0.726 10o441 
L^ciiine-crop services 5207 2l6o 1420 553 
Liirsinal product: 
Cropland not pasture 10.32 45.51 32.32 20u48 
Labor 57.33 67,09 15.23 35.73 
Liicliine-crop services 2c230 O..637 " O.928 1,060 
Average product: 
Cropland not pasture 21,97 51.33 41,58 55-55 
Labor 1559 905 547 127 
r^chine-crop services 4.114 3,944 3.3^4 2.390 
^Units or jaeasureraut I product (y); croplaiid, cropland not pasture 
and pasture laiid (acrcs); labor (nonths}; .-uachinc services, crop services 
and nachine-crop services (5). 
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computed at the arithmetic means are, thereforo, more valuable 
for comparisons. 
With the exception of oro?) function I in Alabama, tiie 
predicted product at the arithmetic mean use of resources is lower 
than the actual arithmetic mean product. If this is not caused 
entirely by the curvilinear nature of the logarithmic transformation of 
the variables in fitting the functions, it lends support to the 
hypothesis that increasing returns to scale exist, 
Tl-ie value of product in f,<ontana is more than twice that of North 
Iowa, about four and one-half times that of South Iowa and about 16 
times the value of the crop product in Alabama, •''he quantities of land 
and machine-crop services vary almost as widely and in the same order. 
In labor use, however, Alabama stands next to Montana. The value of the 
product per acre for cropland not pasture is highest in Alabama followed 
by North Iowa, South Iowa and Montana in that order, A lower proportion 
of cropland in Alabama was in pasture however, I'hs capitalized value of 
the marginal value product of land (at a rate of 5 to 7 per cent) in all 
areas is considerably above the price of land, whereas, with the 
exception of machine-crop services in Montana, the marginal value 
products of the other resources are considerably below their market 
prices, Wiis indicates that for all areas there tends to be a surplus 
of mobile resources with respect to land. It is not unreasonoble to 
assume that the functions somewhat overestimate the productivity of 
land and underestimate the productivity of the other resources. Such a 
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result is derived from the fact that there is no question that all 
measured (enumerated) acres are actually employed whereas for the other 
resources maxiy of those observations having a high ratio of other 
factors to laiid will also tend to have a portion of the non-land services 
measured actually uneiqployed or underen^loyed. If such is the aase» 
a function fitted to only those observations having resources most 
fully en^loyed would yield marginal products for land perhaps lower 
while the marginal value products would increase for the undereo^loyed 
factors* The new function would yield an elasticity of output for 
land lower than previously while the product would be higher than when 
all farms are included* If it is asstuned that the proportional 
increase in the product would be somewhat smaller than the decrease in 
elasticity, then the marginal product of laxid would be lower. For 
the other factors, however, both the elasticities and the level of 
the surface at all points would be higher* Under these circumstances 
it would appear that a decrease in the proportion of capital-labor 
services to land is essential for improved economic efficiency. Since 
increasing returns appear to exist, such a decrease in proportion should 
be induced through larger land units with the same or larger non-land 
inputs* The desirability of this type of shift is further substantiated 
by the fact that it does not appear to be possible to decrease the pro­
portion of other resources to land by reducing the per-farm quantities 
of these resources since the smaller units are already operating with 
equipment of small size axid a labor force at the minimum of a single 
individual. 
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The distribution of farms value of aggregate crop input for 
eaoh of the samples is given in Table 9. The size of the value of 
input at ooxresponding points in the distributions of both of the 19S9 
Zowa seuiplBs in relation to the 1960 distributions are mora than 
proportionally less than the difference in the price level between 1939 
and 1960 and so considerably growth in farm siee has taken place* The 
1960 samples show a wide range in the aggregate value of inputs* The 
differences between sas^jle ranges are as narked as the differences 
in the san^le average products for 1960* The largest input for Montana 
is between $70«000 and ^80,0001 for North Iowa 1960 it is between 
$27,000 and $30,000} for South Iowa 1960 it is between ^ 18,000 and 
$21,000 and for Alabama, the farm with the largest input lies between 
$6,000 and $6,000* About 79 per cent of the Alabama farms have an 
aggregate crop input of less than $2,000* 
In Montana the sise of input is widely distributed with no 
distinct modal group and the relative densl% of farms declines only 
slightly and gradually between $3,000 and $60,000. Zn Iforth Iowa 
1960 there is a distinct modal group between $6,000 and $9,000 but 
with a steady increase from $4,000 to the mode and then a decrease in 
density begizming at the mode and decreasing to $16,000 with about 10 
per cent of the farms above $16,000* In South Iowa the modsil group is 
between $2,000 and $3,000 with only a slight and regular decline in 
relative density to $16,000* 
ao5 
Table 9 . Per cent Distiabution of Farms by Aggregate Crop Input, by Areas 
Value of Per cent farms in interval 
aggregate Montana North South Alabama Worth •South 
crop input 1950 Iowa Iowa 1950 Iowa Iowa 
$ 1950 1950 1939 1939 
0 - 999 I.I4O 141.35 10.53 5Uo08 
1000 - 1999 1.33 8.39 37.59 . 38.60 33.91 
2000 - 2999 2.00 2.11 18.38 15. ou 26.32 10.U3 
3000 - 3999 2.67 2.67 IU.66 U.5I 13.16 lo7U 
I4OOO - h999 U.oo 11.27 10.)49 o75 6.1ii 
5000 - 5999 3.33 9ol5 13.99 .75 3.51 .87 
6000 - 8999 10,67 36.62 16.88 1.75 
9000 - 11999 7.33 16 = 20 7.69 X 
12000 - 1U999 8.67 11.97 U.90 X 
15000 - 17999 12o00 Uo93 
18000 - 20999 9o33 3o52 .70 
21000 - 23999 1;.67 o70 
2U000 - 26999 1.33 
27000 - 29999 6,00 .70 
30000 - 39999 12., 00 
Uoooo - U9999 6.67 
50000 - 59999 2o67 
60000 - 69999 lo33 
70000 - 79999 lo33 
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The total produot* as predicted from crop function III» is given 
in Table 10 for the releveint range of each san^}le« Corresponding marginal 
value products are given in Table 11* In Montana* the total product is 
well above the value of inputs throughout the whole range of the function* 
This is partly the result of yields being considerably above average in 
Montana in I960. Since the elasticity is greater than ono» the marginal 
product increases throughout the whole range of the sample* Zn North 
Iowa 1950 the level of output per unit of input is generally below that 
of Montana but above that of South Iowa 1950* The marginal value product 
of outlay is increasing in both Iowa areas* In each of the remaining 
samples the marginal product is decreasing and in Alabama the total 
product is below the value of input throughout the tdiole range* This 
occurs in cpite of the fact that laxxd is valued at lower rates in 
Alabama even though the product per acre is higher and labor is valued 
at only half the rate per unit that it is in each of the other three 
1950 saiqples* This would indicate that radical changes in technique are 
required in AlabEUsa to bring the earning capacity of the mobile resources 
up to a level con^arable to the other areas* 
The gains from expansion were much different in the 1939 samples 
than for the corresponding areas in 1950* The former had decreasing 
returns to outlay* This difference may be attributed not so much to the 
change in price level over the period but as a result of the shift 
from horse power to tractor power and a shift in the relative cost and 
quantity of labor* At lower outputs the 1950 functions are well below 
the corresponding 1939 functions for the same inputs, indicating a marked 
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Table 10. Estinabed Total Product oi' Specii'ied Quantities of Aggrej^ate 
Crop Inputs froin Crop Function III 
Total product 
Value of iiontana North bouth Alabama North South 
a reflate 19^0 Iowa Iowa 1950 Iowa 1 owa 
crop input 1950 1950 1939 1939 
$ 
1000 1U70 1108 968 737 IUI7 125ii 
2000 3078 2U26 2138 1U52 2709 2U25 
3000 47U2 3UOO 2158 3957 3566 
Uooo 6UliU 5313 I;72)4 2360 5178 u689 
.•^000 8175 6838 6098 3558 6379 5798 
6000 9929 auo3 7511 U253 756)4 6897 
9000 15297 13291 119U2 11050 101U2 
12000 20786 I8UOO 1UU58 
1^000 26368 23681 
16000 3202U 29103 
20000 35b 31 32766 
30000 55203 51856 
Uoooo 75015 
50000 95159 
60000 115570 
70000 136210 
80000 157050 
100000 199220 
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Table 11» Harg-inal Product, of Agi;rei-.ate Cxx)p lii:-ut. al Speciried ^uaiibitles 
i'ruiu Crop flinction HI 
Ilar^inal Tir-cclvict 
Va].ue oi' 
aggrecate 
crop input 
iiontana 
1-^50 
Nori,ii 
Iowa 
1950 
ijOUtll 
Iowa 
1950 
Alabariia 
195c 
ilcrth 
Iowa 
1939 
Sou th 
1 ov:2 
193? 
M' 
1000 
2000 
3ono 
IjOOO 
<000 
6000 
1.5'672ei 
i„6hcyji9 
10685105 
1.717395 
io7ii2eU5 
1.763933 
lo 25287)4 
lo371716 
loUl;6l422 
Io50iri38 
1.5)46305 
lo583620 
1„106888 
lo22273h 
1.296038 
I.35067U 
1,39)4662 
I,h3l650 
.7 20785 
0710168 
070)4020 
0699698 
06963)42 
.693631 
1.32[i7 
lo2660 
1.2329 
1.2100 
1o192)4 
1o1783 
I0I932 
1.1538 
1,1311 
I0II5I4 
lo 103)4 
1o0933 
9000 
12000 
15000 
18000 
20000 
30000 
JjOOOO 
1.811777 
1.^)46/420 
1„873816 
10^96^61 
lo909721 
10961)473 
lo999075 
1,669871 
1.733821 
1O765I57 
1.828239 
108536)43 
1.95115)4)4 
lo 517)126 I0IU76 
1.1261 
I0O723 
CO
-0
 
0
0
0
0
 
0
0
0
0
 
0
 0
 0
 0
 
0
 0
 o
 0
 
2o0207lU 
2c053217 
2,07li206 
2„092613 
100000 2ol23606 
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difference in the incidence of the indivisibilities of tho Inrgor 
mechanized \mits and in the coat of labor. 
The marginal product of labor has been tabulated for various 
quantities of labor and capital inputs in Tables 12 to 15 inclusive. 
These are estimated from crop function II, The mean quantity of 
labor and its corresponding marginal -roduct io included for easy 
reference. The nature of tho Cobb-Douglas function is such that, 
•when the elasticity of labor is less than one, the marginal product 
of labor decreases as its quantity is increased. It is to be 
emphasized again that the marginal product of labor is probably 
underestimated, i'or the same quantity of labor in North Iowa, the 
marginal product of labor is not jreatly different from Montana. The 
marginal product of labor in South Iowa is much below that of any of 
the othor samples including Alabama, In all sairplea the non-labor 
inputs are varied proportionally as indicated. 
The differences in the marginal product of labor in South Iowa 
1950 and Alabama are not substaaatiated by -the residual products as 
4 
recorded in Table 16, The table shows various items for each area by 
thirds of the sample stratified by tho value of annual input of all 
non-labor resources used. This includes five per cent of investment in 
4 The items in this table are extracted from tables 46 to 49 
inclusive. For a detailed description end definition of items 
see the explanation of those items for Tables 46 to 49 in 
Appendix C, 
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Tablo 12' Liirginal Product of Crop Labor v;ith Different 
Quantities of Capital Sorvicos, i.'.ontana 1950 
Estiiiiated fron Crop Function II 
Months Valuo of niarginal product,°-
of capital inputs at 
labor 
50/^ of 100/i of i5o;:i of zooyi of 
woaii r.can r.®an i.-^aii 
2 172.29 365.16 566.59 773.70 
4 08.52 187.60 291.10 397.50 
6 59.97 127«.10 197.22 269.30 
8 45.49 96.41 149.59 204.27 
10 36.71 7 7.So 120.73 164.85 
12 30.81 65.30 101.33 133.36 
14 26.50 56.32 •-7.39 119.33 
16 23.37 49.53 76.05 104.95 
13.74 (mean) 57.33 
^ileasurod in dollars por month. 
Tablo 13 5 .".iiXGinal Product of Crop Labor v/ith Different 
Quantities of Capital Services, Ilorth lov/a 1950 
Estii;atod fron Crop Fujiction II 
Llonths Valuo of i.iar^inal product, 
of capital inputs at 
labor 
5050 of 100^^ of 150/'^ of 200^J of 
no an EiGan moan mea)! 
2 133.56 231.84 436.21 594,40 
4 70.36 140.43 229.80 313.16 
6 48.37 102.06 157.97 215.26 
( •  
U 37.08 75.24 121.10 165.02 
10 30.16 63.66 98.52 134.25 
12 25.49 53-78 03.24 113O43 
14 22.10 46.163 72ol3 98.36 
16 19o53 41.22 63.00 86.94 
9.446 (i;!Oan) 67 .09 
^Lieasured in dollars per month. 
Ill 
Table 14. Marginal Product of Crop Labor uith Different 
OuantitiOD of Capital Scrvicos, South Iowa 1950 
I2sti!;iated from Crop Function II 
;.,onths Value of iiarginal product,^ 
of capital inputs at 
labor 
50]i of lOO^o of 150/i of 200% of 
moan xnean i;ioan rieaii 
2 29o90 63065 99.10 135065 
4 15.25 32.40 50.55 69.20 
6 10.20 21.90 34>,10 46.67 
U 7.70 16.56 25.79 35.30 
10 6.26 13.34 20.76 26.42 
12 5.25 11.16 17.39 23.01 
14 4.51 9.62 14.97 20.49 
16 3.97 3.45 13.16 lo.Ol 
726 (moan) 15.23 
^i.ioatJurod in dollars per month. 
Table 15. iJirsinal Product 
Quantities of Capital 
Estir^itod from 
of Crop Labor v/ith Different 
Services, Alabam 1950 
Crop Function II 
;.!onths Value of r.jar^inal product,^ 
of capital inputs at 
labor 
5oy^ of 100)^ of i5o;'i of 200)^ of 
rnoan mean laean ixan 
2 66.32 119.30 160,22 214.66 
4 41.37 74.42 104.94 133.90 
6 31.39 56.60 79.64 101.61 
8 25.ol 46.44 65.43 33.55 
10 22.17 39.07 36.2'i' 71.76 
12 19.50 35.22 49.66 63.39 
14 17 ...63 31.72 44.71 55.91 
16 16.10 20.97 40.32 52.11 
441 (laeaii) 30.73 
^•Lleasurod in dollars per month. 
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Tablo 16 o Froquoncy Distribution of Capital Holation t( 
Production and Gross aiid Residual Labor Product: 
Capital Range of Per cent Average capital Average Average valt 
interval capital fari;!3 in investnient in product of all cnpil 
interval^ interval crop resources per farm services'^' 
- Montana 1950 
Lower third 984-5149 33"77 2832O 061S 3466 
Middle third 5l8l-9l6l 33»11 62722 20946 706O 
Upper third 9676-44793 33.11 143071 35954 14172 
All farm average 100.00 77709 21752 o201 
North Iowa 1950 
Lower third 1307-3306 33.80 27892 5716 2615 
saddle third 3320-4377 33»10 42649 7615 3^14 
Upper third 4639-I252I 33=10 77345 I3650 . 6639 
All farm average 100.00 49145 897I 4344 
South Iowa 1950 
Lower third 386-1600 33-57 9312 259o IO63 
Liddle third I603-2676 33.57 20867 4774 2l5l 
Upper tliird 2702-7699 32.37 40114 G513 4030 
All form average 100.00 23315 5273 2403 
Alabai-ia 1950 
Lower third 156-465 33.83 1547 664 314 
I,liddle third 466-718 33.08 2374 1256 5^3 
Upper third 719~2542 33^OS 4604 2290 1141 
All farm average 100.00 2032 I396 677 
^Capital and product measured in dollars; labor measured in months. 
Includes 5 per cent charge for land services. 
^Average product per farm divided by years of labor. 
'^Average product per farm leas machine and crop services divided by yeai's of labor. 
Average product per man after deducting 5 per cent interest charge on total investinont. 
I 
1 
of Capital iii Relation to Ilosourcos Used, Total Value of 
d Residual Labor Productivity for Gropa 
•vorage Avorago value Avoraeo GrooG Grosfj residual Residual product 
roduct of all capital nonthc product product of of labor por inan® 
or farm services'- of labor per !.Tan® labor por nian*^ 
[ontana 1950 
uolo 3466 7.9a 12965 9321 7136 
20946 7060 12.73 19741 15256 12300 
35954 14172 20.63 20915 15973 11612 
21752 6201 13.74 18996 14449 11056 
.h Iowa 1950 
5716 2615 C.36 ^203 6194 4191 
7 615 3^14 o.o2 10364 7730 4034 
13650 6639 11.18 14643 11222 . 7072 
0971 4344 9.45 11396 6IJ41 5521 
ih lov/a 1950 
4569 3362 2590 1063 6 .o2 2540 
4774 2151 -.37 6646 4994 3496 
G513 4030 11.04 9257 . 6755 . 4573 
5273 2403 0.73 725. 5296 3'^95 
Llabai.ia 1950 
606 664 314 6.U3 1167 742 
1256 503 11.76 1261 797 677 
2290 1141 12.81 2146 1255 1039 
^ 1393 / 7 r/ 1 10.44 1607 971 607 
^hs. 
i by yoai's of labor. 
irgo on total invoBtiTcnt. 
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land but not in n&ohlnerys With the exoeption of the upper third group 
in Montana, there is a consistent inorease in the residual product of 
labor per nan in noving from the smaller to the larger quantities of re­
sources en^loyed* Table 46 shows, however, that the price of land is 
considerably higher than for the middle group end the higher price ooours 
at the same time that the proportion of pasture to cropland is higher for 
the upper group* It seems then, that the larger farms also tend to be 
valued by the operators at higher rates per aorem Zn con^aring groups 
betwesn areas, the middle and upper thirds of the North Iowa san^le are 
reasonably aimllar to the lower and middle thirds respectively in Uontana 
(that is, if high yields in Montana cure taken into account)* The same is 
true of a comparison between South Iowa and North Iowa* Alabama is in a 
class by itself. Considering the fact that the earning capacity of land 
is probably wall above the five per cent used in these confutations the 
differences in the residual to labor between regions would be further 
reduced. They would not show such wide differences in the marginal pro­
ducts as indicated in Tables 12 to 15 confuted from the functions. The 
differences in productivity appear to lie largely in the total quantity 
of rssources used per farm unit rather than in the efficiency of use of 
any specific quantii^ for all areas except Alabama. The Alabama sample 
again indicates that both quantity of resources and adequate level of 
technique are lacking. 
Marginal products of labor cou|>uted with all capital resources at 
the Montskna level are presented in Table 17. Associated items of interest 
are presented in the lower part of the table. The differences in the 
adjusted naohine crop servioas are accounted for by the differences in 
the value of the land input which brings the total of all services in 
114 
Tablo 17, I.iLrsinal Product of Crop Labor with Capital Sorvicos 
for All Areas Equal to Montana Average^-
Esti!:iatod fro;-i Crop Function II 
Lionths IJontana North South Alabaiaa 
of 1950 loY/a lev/a 1950 
labor 1950 1950 
2 365.16 559.48 242.00 987.20 
4 187.60 294.76 123.40 615.90 
6 127.10 202.62 83.23 467.31 . 
8 96O41 155.32 62.95 384.20 
10 77.80 126.36 50.69 330.05 
12 65.30 106.77 42.47 291.54 
14 56.32 92.5u 36.56 262.45 
l6 49.53 81 .u3 32.11 239.64 
Labor moan 13.740 9.446 8.726 10.441 
I.I,?., labor at nioan 57.33 133.19 57.86 320.48 
Adjusted machine-crop 
services 5207 4096 4823 6697 
Adjusted cropland not 
pasture 975.0 314.9 39O066 288.22 
Value all capital 
services 8201 8201 8201 8201 
Adjusted investment 77628 92884 79271 34296 
Capital services as per 
cent of own trean 100.0 109.0 340.0 1211.0 
^•Units of rneasureKient: product labor (months), land (acres), 
iiiachino-crop services ($), investniont ($). 
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all areas to $8,201 per farm. The innraase in resource quantity in 
Alabama (1211 per cent) is so large that tho computations for that 
area are basod on a point well beyond the uoper limit of tho aanplo 
distribution so that the marginal products for Alabama should le 
nogleoted in thin comparison, ^xia marginal product of labor is 
highest in Worth Iowa for the name quantities of resources ennloyed. 
This in followod by Montana and South loxva in that order. F.von at 
these levels of capital service use, the marginal produ.its of labor 
are well below an "oquilibrium level". 
The marginal products of each resource, when all capital services 
are increased to the lovel of the Montana eversce, fire nrasonted in 
Table 18. Again, since tho quantity of capital is well beyond the 
range of the data in Alabama, comparisons using Alabama should not be 
made.Ti.s marginal product of land is still quite high wit]-' respect 
to its price in each arf*a when comparisons are made with the other 
resources with respect to their prices, ^f^hil.; some improvement in the 
level of productivity of labor mav be noted, it is not fully consistent 
with what might be expected considering tlie proportions of tbenjhsuige in 
the factor quantities. 
Comparisons of tho marginal product of labor in Alabama are made 
in Table 19, The average labor input there was about 10,4 months. It 
is evident that the other resources must be increased from five to seven 
^In all other instances, where resource services used exceed about 
three times the mean quantity in Alabama, it is doubtful that comparisons 
are reliable since tho function beyond this point lies wholly outside the 
range of the data. 
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Table ig.. ..hrcinal Product of Eacli Crop Input v/ith All Capitol 
Services for Eacli Area ICqual to the :.o!itana Avcracc, 
Labor Inputs at o .".iontha and at Area 
Eotir^tod froi;i Crop Function II 
Inputs 
Montana 
1950 
I.'orth 
Iowa 
1950 
South 
lov/a 
1950 
Alabai.'a 
1950 
Quantities of factors 
Cropland not pasture 
Labor (luean) 
Lac!iino-crop services 
975.0 
13.740 
5207 
314.9 
9.446 
4090 
390.7 
8.726 
4828 
263 0 2 
10.441 
6657 
;.!arginal products v;ith labor 
Cropland not pasture 
Labor 
: iichino-crop services 
at •.ieaja 
10.32 
57.33 
2.230 
46.22 
133.19 
0.669 
36.13 
57.36 
1.037 
13.99 
320.4o 
0.724 
;ar3inal products with labor 
Cropland not pasture 
Labor 
I'lachinc-crop services 
at 0 months 
10.10 
96.41 
2.162 
47 .,62 
155.32 
O.G61 
360O4 
62. v5 
1.034 
12.35 
3^4.20 
0.065 
^'Jnits of neacure;.ient; prodi'.ct (•';)> croplaiiu not pr.c;t..rc [acrec), 
labor (laontho), i.-achine-crop oorvices (:•;). 
Table 19, LlarGi^'^ol Product of Labor in Alabaina Crop Production 
v;ith Capital Inputs at Spocified Levels^ 
Estii.ii.tud fro;.: Crop Function II 
Capital input increased to 
. .ontnc 
of T^.vice Throe Four Five Seven 
labor no an ti:.:cs 
luoan 
t ii.ie s 
i:!Gan 
ti;.;cs 
;.;oan 
tir.;c3 
;.;ean 
2 214.66 302.60 306.23 466.99 620.63 
4 133.90 lc,8.31 240.92 291.35 337.19 
6 101.61 143.27 I02...O 221.05 n r •;> 7 7 • J • » / 
U 83.55 117.73 150.30 lol.V4 241.52 
10 71.76 101.19 I290I2 156.12 207.4^ 
12 63.39 09.33 114.06 137-09 loi.27 
14 55.91 oO .46 102.67 1 0/1 1 rr 164.93 
16 52.11 73o46 93.74 113.36 150.64 
^I.iir^inal Product ticaaured in dollars per :.ionth. 
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times beforo the productivity of labor reaches a level approxiraating 
the v;age rate in tho othor areas. Vrious othr?r adjustjnsntjs of •'•he 
oth«r resouroos to Inhor have befin made for Alahania and are nrosented 
in Table 20. Increasing all non-labor resources proportionally 
reduces the productivity of machine-crop services v»oll below a 
satisfactory level before bringing labor produotivitv up to an 
"equilibrium level". The marginal products of resources are most 
reasonable (more nearly the equilibrium level) for the combination 
presented in the last line of thetable whore cropland not pasture is 
at 500 per cent and maoivine-orop services are at SOO per cent oi 
present mean use. Note, however, that this noint on tie production 
surface is •well beyond tho range of the data and as such is not 
reliable statistically. It is exceedingly doubtful that a chango 
of such magnitude is •ohysioally possible using production •techniques 
existing at present in Alabama, Considering also the fact that a 
major portion of the machine-crop sei'vice in -Alabama is fertiliser, 
it does not seem reasonable that a reduction of this input in 
proportion to land is advisable. It is apparent, however, that a 
major shift in reaouroe use is imperative for tho area. The exact 
nature of the required change cannot be specified considering the 
limitations of the information and the functions available here. 
The marginal products of all capital services (both machine-crop 
and land service) with these varied toj'jether in the ratio of their 
mean use, while labor is hold constant at the respective saiiiple mean 
quantities, are given in Table 21, The "marginal product" of the 
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Table 20, i.iir3inal Product of Zach Resource in Crop Production 
in Alabania with Capital and Labor Inputs at Specified Levels 
I.stir.iated fron Crop Function II 
Factor quajitity -arjinal in-'oduct 
Capital as 
per coiit Cropland Labor I acliine- Cropland Labor I.^cuine-
of moan not crop not crop 
pasture^ services pasture services 
100 23^5 u 553 lG.31 4-J •'r4* Oo974 
200 47.6 b 1106 16.92 C3.55 0.0 7 6 
300 71.4 3 1659 15.91 117.73 0.323 
WO 95.2 b 2212 15.22 150.30 0.733 
500 119.2 0 2765 14.70 lul.74 O0762 
700 16606 0 3SYI 13.93 241.52 0 0,724 
1211 2oo.o 8 6697 12.05 3u4.20 0.665 
100 23.0 10.441 553 20.4o 3^»73 1.C60 
b 95.2 10.441 1659 14.51 109.75 l.CCl 
c 119.2 10.441 1659 12.65 119.60 1.091 
^Units of measurenont: product (.-)), croplaiid not pasture (acres), 
labor (months), machine-crop servicca ($). 
^Cropland not pasture 400 per cent and j.acaino-crop cerviccc 300 per 
cent of mean. 
^Cropland not pasture 500 per cent and i;iachine-crop services 300 per 
cent of mean. 
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Table 21, Product of Capital Sorvices in Crop Production 
•with Specified Lovols of Input, Labor at i.jcan Quantity 
Ectiniated frou Crop Function II 
Land niachino-crop ; .ontana liorth South Alaba;.a 
services as per cent 1950 Iowa lov/a 1950 
of i.ioan 1950 1950 
20 15.43^ 47.04 37.06 57.66 
4-0 20.56 50.43 40.32 510-37 
60 21.32 52.0c 41.02 43.77 
bo 21.33 53.2u 42.92 46.63 
100 22.23 54.20 43.30 45c,ll 
120 22.55 54.95 44.54 43.07 
140 22.04 55.59 45.16 42.S5 
16Q 23.12 56.20 45.71 41.99 
180 23.34 56.70 46.20 41o24 
200 23.53 57.67 • 46.65 40.30 
300 3o„14 
400 30.51 
500 35.23 
600 34.31 
700 33.53 
V/eights;^ 
Cropland not pasture® 1 1 1 1 
i-iachine-crop soi'vices 5.34 13o01 12.36 23,24 
^Interpret aa r^r^inal product resulting fror^ the unit variation of 
land and i.iachine-crdp services by t;io quantitioo indicated at tho bottom 
of the table* A mrginal product por dollar of the jointly varied, ro-
aources niay be foiuid by puttins a value on land, a.^dins i^achine-crop ser­
vices indicated at tho bottora of the table and dividing tho result into 
the tabulated figure. 
^Jeights found by dividinc averago i/iachine-crop services by average 
laiid acres. 
°units of ineasurenont: product (0)) cropland not pasture (acres), 
iiiachine-crop services ($). 
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Jointly varied resources is dosdnated by the produotiTity of laxid as 
estixoated by the function* Zf« however, the land and naohine-orop 
sexnrioes must be varied vojry nearly proportioxially in practice* these 
estimates are store realistic than any of the previous ones considering 
eaoh of the factors separately. In all areas except Alabama* the 
marginal products of the Jointly varied (oos^osit) resource are increasing 
as more resources are eiqployed. This rssult stems from the fact that 
the sum of the elasticities for the varied resources is greater than 
one for the three areas while the same sum is less than one in Alabama* 
In all cases the marginal product of labor (not shown) is Increasing 
since the ratio of capital to labor resoiurces is increasing* 
The marginal products of meiohine-crop services varied separately, 
are presented In Table 22* The marginal product of maohlne-crop 
service in Sorth Iowa falls below one at a very early stage* The drop 
Is Just as rapid in Alabama when the site of the 20 per cent interval 
is taken into account* Productivity is well sustained in Montana and 
maintained to a much lesser extent in South Iowa* 
B* The Rate of Substltutlea Between Uachlne-Crop 
Services and Labor 
The marglxial rate of substitution of machine-orop services for 
labor is presented for various resource combinations in Table 2S* 
Land was held constant at the mean for eaoh sanple and quantities of 
ssiohlne-crop services and labor were estimated which would Just produce 
the same output expected using the mean quantities of the two resources 
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Table 22, iia'g;iiial Product Ox -xiciiinc-Crop oervico in Crop 
Production, Laiid aiid Labor at ;:can Quoaititicj^ 
Zctir.iatod fro;.: Gro'o Function II 
Quaiitity of I.lontaiia Hortli South Alabai;Ki 
r;,achino-crop ccrvicc iV^O Iowa Iowa 1950 
as per cent of r.ieaii 1/50 1950 
20 4.3G 2.442 
^ 2.517 
• 40 3.27 1.369 1.7^6 1.734 
60 2.76 0.976 1.336 1.395 
30 2.45 0.767 1 .Oou 1.195 
100 2.23 0.637 0.925 1.060 
120 2o06 0.5'^ 0.-14 0.961 
140 1.94 0.4ol 0.730 0 .ooj; 
luO J. ,Oj 0.430 C.663 0.i24 
130 1.74 0.390 0.610 0.773 
200 1.67 0.357 0.566 0.730 
I.;ean quantities of factors 
Cropland not pasture 975.0 166.6 114.9 23.6 
Labor 13.740 9.446 6.726 10.441 
1,^chine-crop servicos 5207 216G 1420 553 
Size of 20 per cent 
;.'^ciiinc -crop interval 1041.4 433-^6 2^4.0 110.6 
"•Units of ixaourej.ient: product {•',), cropland not pasture (acres), 
labor (nonths), niachinc-crop servicos (;,!)• 
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Table 23 • ;.:acIiinc-Crop Sci'vicc - Labor Substitution 
in Crop Production 
Eatii.'^ted fron Crop Function II 
Labor input Quaiitity required for llar^jinal rato 
as per ccut o::poctcd r.ean product^ oT substitution 
01 ;:;oa:i i.i. for L. 
;.iic'-.inc-crop Labor (:,v per !nonth)b 
aci'viccs (0; (inonthc) 
I'ontana 
130 5114 17.0G2 19.44 
120 5143 16 o4'Jo 21.17 
110 5173 15.114 23.23 
100 5206 13.740 25.72 
90 5244 12.3^6 0 r; 7 n 
30 52o6 10.992 •30 i', P _it. 0 jp 
70 533 / • 610 •J T A '-I J) 1 .
liorth lov/a 
130 1922 12.260 71 .C4 
120 1994 11.335 00.75 
110 2075 10.391 91.66 
100 2169 9.446 105«40 
90 227 i U.501 122.,.09 
80 2402 7.557 145.90 
70 2554 6.612 177.31 
Sor/wi Iowa 
130 1303 11.344 12.29 
120 13/4 10.471 13.42 
110 1407 9.599 14O72 
100 1420 0 n n / 'J . ( ^ 0 16.-41 
90 1435 7.053 1: .43 
GO 1452 6. "Jul 20.97 
70 1472 6 olCu 24.30 
Alabai-X!. 
130 461.5 13-573 23.46 
120 407.b 12.529 26.06 
110 5I0.O ll.'lo5 31.11 
100 553.1 10.441 36.54 
90 594.0 9.597 43.67 
oO 645.2 ^.353 53.29 
70 707.4 7.309 66.77 
"•Prodictod product ••;.'hon rooourcec arc held at arit'.»;.fitic i.iean quantities 
^•^Qtc at v/hicli ;;acIiino-crop aervicca, ;..eaci:rod in dollars, roplace labor 
!.!oar,urcd in i.iontha, at o;;actly tho point indicated. 
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and land. Labor input v;as varied between 130 per cent and 70 per 
oent of moan use in each of the areas and the anpropriate quantity of 
machino-crop services was found, holdinp, tha product constant, 
marginal rate of substitution of machine-crop servioes for Inbor was 
then comouted for these factor quantities, 'ftie resource quantities 
Q 
and the marginal rates of substitution are presented in Table 23. 
If t>ie productivity of both machino-crop services and labor nre 
proportionally underestimated, the marginal rate of substitution remains 
the same as if both marginal products had been nrop^rly estimated by 
the function. The marginal rate of substitution romains unaffectod 
because it is dependent upon the ratio of the marg;inal products and 
not directly upon their size. function still assumes, however, 
that the elasticity of substitution is constant. The elasticity of 
substitution of machine-crop seirvices for labor is the ratio of the 
elasticity of machine-crop services divided by the elasticity of labor. 
The rates of substitution as estimated show a much higher rate of 
substitution in North Iowa than in anjr of the other three areas. The 
''I'he marginal rate of substitution of machine-crop services for labor 
is the rate at which machine-crop aorvices exactly replaco labor •'.without 
affecting output. It is measured in terms of dollars of services required 
per month of labor replacad. The rate is oqual to the elasticity of 
machine-crop aeinrices times the quantity of labor divided by the elasticity 
of labor times the quantity of machine-cron gervicos. This ia also equal 
to the marginal product of labor divided by the marginal product of 
machino-crop ser'ricos at tho apooified r'^aourcc quantities used. 
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factor quantities are in much moro nearly the equilibrium prooortiona 
in ^orth Iowa also. It is doubtful, however, that in the other aroaa 
the faotor ratio can bo shifted in practice beyond the range indicated 
for the moan output of +ho product sinoo an intireasing proportion of 
the labor available would of necessity be unemployed, "ith the 
exception of North Iowa thero is a marked advantage in shifting 
resource v>3o in the direction of more cavital and less labor. 
The absolute quantities of machine-crop services required to 
substitute for given quantities of labor and the corresponding increases 
in investment are given in Table Zi* I'he absolute quantities of labor 
replac3d are given in Table 25, 'I'hese are presented .Cor replacement 
of labor over a roinje of 10 per cent, 20 per cent and oO par cent of 
the quantities of labor required for the specified expocted outputs, 
when the ratios of land, machine-crop services and labor input are 
held constant. ITie same results are obtained as in Table Z'6 except 
that these are interval estimates rather than rates of substitution at 
the speoified points. For example, in i>iontana with output held constant 
at half the level expected when the mean quantities of inputs are used, 
it requires -i'SO.EO of machine-crop services and a correspondinj^r increase 
in investment of v^?1.22 (Table 24) to replace 0.741 months or 10 per 
cent of labor required for that output (Tablo 25), It v;ould require 
$43.15 of machine-crop services to reolace 1,482 or double tho amount 
of labor and $69,59 to replace throe times uo much or 30 oer cent of 
tho original total labor. In Table 24 footnote c, note that the ratio 
of machinery investment to machine-crop services is almost the same in 
Table 24 • I.lachino-Crop Service and Llachine Investrent R.equired in 
Substituting for Labor for Fares v;ith Different Output of Crops 
Estimated frou Crop Function II 
Per cent 
of labor 
replaced^ 
Product at 50/' of 
expected rsan^ 
Product at 100;,i of 
expectcd tiean 
Product at 150^ of 
expected nean 
Product 
expect 
at 200;^ of 
ed i;«an 
Lachine-
crop 
services 
($) 
Capital 
invest-
n»nt^ 
(9)  
I.Iachine-
crop 
services 
(0)  
Capital 
invest-
Don't 
($) 
];iichine-
crop 
services 
(«) 
Capital 
invest­
udent 
(0)  
L^chino-
crop 
sei"vices 
(0)  
Capital 
invest-
nent 
( A )  
10 
20 
30 
20.50 
43oi5 
69.59 
51.22 
107.81 
173.87 
36 
80 
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liontana 
95 
200 
322 
54.53 
114.79 
135.10 
136.25 
286.81 
462.48 
70.43 
148.27 
239»08 
175.97 
370.46 
597.36 
10 
20 
30 
58.67 
127.76 
211.10 
152.63 
332.48 
549.37 
107 
233 
385 
north Iowa 
273 
u06 
1002 
152ci5 
331.32 
547a46 
395.96 
862.23 
1424.71 
195.25 
425.16 
702.52 
508.12 
1106,44 
1823.24 
10 
20 
30 
3.08 
17.23 
23.00 
20.80 
44.36 
72.09 
15 
32 
52 
South lov/a 
39 
32 
134 
21.55 
45.97 
74o70 
55.48 
118.36 
. 192c33 
27.86 
59.43 
96.55 
71.73 
153.01 
248.66 
10 
20 
30 
23.03 
50.86 
o5o21 
15.37 
33.94 
56 .56 
41.7 
92.1 
154.3 
Alaba-Via 
28 
61 
103 
59.06 
130.45 
2IJ.55 
39.41 
37.05 
145.83 
75.57 
166.90 
279.62 
50.43 
111.37 
186.53 
^60 Table 25 for absolute quantities replaced. 
Output as a per cent of expected output with each input at its aritluietic r.;ean. 
IZacliine inve3t;..ent assu;.ied constant per cent of i,.acI;irie-crop services in each ai'ea. These are; 
Lontaria 249.36 , Ilorth Iowa 260.24 , South lov/a 257.46 aiiu Alabcu.^ 66o73 per cent. 
Table 25. Labor Replaced by IJachine-Crop Service Quantities Indicated 
in Table 24 for Farns v/itli Different Outputs of Crops 
Sstiriated from Crop Function II 
Per cent 
of labor 
replaced 
Months of labor replaced v/ith 
Product at 50^ 
of expected i;iean^ 
Product at 100;-i, 
of expected i.ican 
Product at l50/i 
of cxpecteu Liean 
Product,at 200^"^ 
of expected Lisan 
10 
20 
30 
0.741 
1.4&2 
2.224 
Montana 1950 
1.374 
2.740 
4.122 
1.972 
3.943 
5.914 
2.546 
5.093 
7.639 
10 
20 
• 30 
0.518 
1.036 
1.554 
iiorth lo-ja 1950 
0.945 
1.089 
2.S34 
1.343 
2.606 
4.030 
lo724 
3.447 
5.171 
10 
20 
30 
0.470 
0.940 
1.409 
South lov/a 1950 
O0873 
1.745 
2.610 
1.254 
2.507 
3»760 
1.621 
3.241 
4.662 
10 
20 
30 
0.577 
1.153 
1.730 
AlabaiJa 1950 
1.044 
2.083 
3.132 
1.479 
2.958 
4.436 
1.392 
3.784 
50676 
Output as a per cent of expected output v/ith each input at its aritIio3tic rK3an. 
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all areas excopt in Axabama, Tho Alabama fijjurn Ik much lower due toj 
(l) feed input for animal power is included in machinery input, while 
imreetment in animals is not included in investment, {?.) th?: lowor ratio 
of investment to total machine 3f5rvices in Alabixma nnd (3) the higher 
ratio o!' crop Barvlces to machine sprvicoa in thr. area. 
A comparison of the marginal rates of aubstitiition of machine-crop 
services for labor as Bstimj^ted fro'n croo function IT, the mivrginal 
rates of substitution of machine services for labor as estimated from 
crop function I, and an 'intimRto of tho marginal rate o? substitution 
of machine services for labor usinp: n method described in detail below, 
are presented in Tablo 26, An estimates are nt expected output v/ith 
all factors at their respective mes.ns. The service yield method assumes 
that the machine-labor services rendered per acre to croDlantl are th® 
same for all observations. With this assumption it is possible- to fit 
a multiple regression equation setting cropland as th^ dependant 
variable and machine inputs and labor inputs as the independent variables. 
It is then possible to interpret iso-land contours as "iso-product" 
contours and obtain marginal rates of suhstitution. This regression was 
fitted and the Tnar|];inal rates of substitution of machine services for 
labor were estimated at the arithraetic mean use oC tht; "factors" (machine 
services and labor) and "producinpr" an cxnooted "cropland output". That 
is, tho function really predicts work aocom'^lishod (cropland tilled and 
harvested) from the various quantities oC machine and labor sorvicos used. 
Tho multiple correlation coefficient was not much higher in anr sample 
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Tablo 26 • Llachine-Labor Substitution in Crop Production Estimtod 
by Alternative -isthodG, Inputs at i.:oan Quantities 
Area -1.; .R .S . of 
niachino-crop 
services for 
labor 
(Fron C.F. II) 
;.;.R..s. of 
i.iachino servicos 
for labor 
(From C.F. l) 
l.;.R.S. of 
i.iachine services 
for labor 
(Service yield 
Method 
I.^ontana 25.72 56.55 47.72 
Ilorth Iowa 105.40 3264.59 960.00 
South lov/a 16.41 42.65 77.93 
Alabama 36.54 25.72 5.00 
°Soe text for explanation of nethod. 
1S9 
than the highest simple correlation coeCPicient between land and either 
of the inout variables. Although the sfsrvice yield mothod requires 
the assumption that the same quantity of mschino-labor services are 
supplied per acre on all ferms in a stsmple, it eliminates the possibil­
ity of spurious results stemming from random variations in cron yields 
per acre between farms duo to weather eto. Tliey are , there. r"or'3, 
logically as acooptablo as those comouted from crop fi.'nction I, 
Both oases using pure machine servioos (crop function I and tho 
service yield mothod) imjily thet the marginal product of croo services 
is considerably above the mfirginal product of machine services in 
'."ontana. North Iowa and "^outh lows but the raverse of this in Ai^.bama,*^ 
WiBRo results vjere actually obtained in crop function I for Montana 
snd North Iowa hut not for South Iowa or Alabama (soo Table 8 in 
Chapter IV). 
It is quite apparent that different methods can yield quite 
different results and if results are always interpreted quite rigorously 
for anT one functionj recommendations (prescription) followin;^ from such 
interpretation may actually bo very misleadine. Tlie results of the 
functions are, therefore, more useful in indicating the general levels 
"^The marginal rate of substitution (equals tho marginal 
product of labor divided by tJie marginal product of machine 
services or machine-cron services) decreases as crop services 
are 'kdded" to the input in going from puro machine servicos to • 
the comoound machine-crop services. This assumfis that tho true 
marginal product of labor does not change for tho same 
quantity of resource use in spite of the differences obtained 
between the different functions for the ssune areas. 
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of TnarjriTinl productivitisB in tlie various arose and roturas to scale 
within thi? areas th«n the true marginal products njid marginal rates of 
substitution of individual r-sources and pairs oi resources. They may 
indicate also the appropriate direction of adjustment both between 
areas and within areas but by no means indicate the exact extent that 
the adjustment should be. 
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VI. IJARGINAL PRODUCTIVITY OF LIVESTOCK RESOURCBS 
The elasticities and returns to scale in livestock production 
were considered in Chapter IV. The productivities of individual 
livestock resources are considered in more detail below. 
The geometric mean products and inputs, marginal products 
and average products at the geometric means are given in Table 27 
for livestock function I and livestock function II. The marginal 
products of labor for Horth and South Iowa 1939 cannot be considered 
reliable. This is due, in part, to the method of computing the labor 
input in these samples. In livestock function I tho marginal product 
of livestock input is considerably above that of feed input. This is, 
in part, the result of a general increase In the price of livestock 
during the year which could not be readily removed from inventories 
of non-breeding stock. Another contributing factor, other than true 
difference in productivity, is the higher degree of association of 
livestock input (mainly beginning Inventory) than of feed input 
with output as the type of livestock shifts between farms (resource 
combinations). The marginal product of labor in livestock function 
I is highest in South Iowa follov/ed by North Iowa, Montana and 
Alabama in that order. The marginal product of livestock input is 
highest in Alabama followed by Montana, North Iowa and South Iowa 
in that order. The differences in the individual marginal products 
between areas are small considering the very large differenoes in the 
total product and quantities of resources used between areas. 
Table 27, Geocietric Llean, IJarginal Product aiid Average Product of Resources 
Used in Livestock Production, All Inputs at Their Geonetric i,leans 
Montana Horth South Alabaisa North S outh 
1950 Iowa Io\7a 1950 lov/a Io\7a 
1950 1950 1939 1939 
Livestock function I • 
Geonetric man: 
Product 5355 10524 6928 772 3120 1999 
Feed 165^ 5137 3543 316 1046 702 
Labor 6.06 6.92 6.65 2.71 11.15 10 J 63 
Livestock input 1977 3216 1S55 153 1351 874 
Other input 123 406 239 31 229 95 
Largir^ product: 
Feed 0.3531 0«3391 0.7316 007447 0^684 0^5541 
Labor 77.09 100.36 120.27 57o97 4^105 -6.537 
Livestock input 1.537 1.464 1.573 1.335 1.560 1.530 
Other input 3.223 0.3194 1.676 1.218 l.lSO 3.177 
Average product: 
1=956 2 0983 Feed 3.231 . 2.029 2.441 2.849 
Labor 003 ~46 1521.60 1041o40 2d5c33 279o35 138.02 
Livestock input 2.709 3.273 3.735 4.839 2=309 2.237 
Other input 43.57 25.90 28.99 24.66 13.64 21.00 
Livestock function II 
• 
Geonfitric lisan: 
Product 5355 10524 6923 772 
Labor 6=05 6.92 oco;? 2o71 
All other inputs 4116 9739 5691 573 
Liirjiiial product; 
Labor 74.27 117=01 121.42 66.75 
All other inputs 1.219 0.9793 1.196 1.001 
Average product: 
1521.60 Labor 034.79 1041.40 235=33 
All other inputs 1.301 1 «0ol 1.213 1.347 

Labor 6.06 6.92 
LivcstocI: input • 1977 3216 
Other input i23 406 
Largir^il product: 
Feed * 0,3531 oo3391 
Labor 77.09 100.36 
Livestock input 1*537 1.464 
Other input 3.228 0.3194 
Average product: 
Feed 3.231 - 2.029 
Labor 063c46 1521.60 
Livestock input 2.709 3*273 
Other input 43*57 25-90 
Livestock function II 
GeoiiBtric ;.;-ean: 
Product 
Labor 
All other inputs 
Liar^inal product; 
Labor 
All other inputs 
Averai^e product: 
Labor 
All otiier inputs 
5355 10524 
6=05 6.92 
4116 9739 
74.27 117o01 
1.219 0.S7>'3 
384.79 1521.60 
1.301 l.Ool 
^Units of nicasurQinent: product, feed, livcstoc 
labor (laontlis). 
6.65 
1355 
239 
0.7316 
120.27 
1.378 
1.676 
1=956 
1041o40 
3*735 
23.99 
2.71 
153 
31 
0.^7447 
57=97 
1.335 
1.218 
2.441 
235.33 
4.839 
24.66 
11.15 
1351 
229 
003684 
4.105 
1.560 
1.180 
2o983 
279o35 
2c309 
13.64 
10 J 63 
874 
95 
0.5541 
-6.537 
1.5S0 
3.177 
2.849 
158.02 
2.207 
21.00 
6928 772 
6c65 2^71 
5691 573 
121.42 66.75 
1.196 1.001 
1041.40 235=33 
1.213 1.347 
input, other input and all other inputs ($); 
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The morginal produots of labor as estimated from livestock 
function II are very similar to the corresponding figures for live­
stock function I, In ell cases the marginal product of the joint 
feed, livestock and other input in function II lies between the 
independent estimetes of these items in function I, The relative 
size of the eotirsate is reasonably in proportion to the relative 
quantities of feed and livestock inputs for each sample. This 
would indicate that the Cobb-DoUglas function is perhaps more 
applicable in describing livestock production phenomena than those 
of crop production. Note also in Table 61 (Appendix D) that the 
multiple correlation coefficients are quite large. It is also 
evident that resource use is more nearly in '•equilibrium" 
quantities for livestock production than in crop production in the 
preceding chapter. Considering the relative sizes of the inputs 
between samples, the general level of marginal livestock resource 
productivity in South Iowa and Montana is higher than for North 
Iowa and Alabama. 
The same types of ea'timates are given for the arithmetic mean 
resource quantities in Table 28, The arithmetic mean inputs and 
outputs (Table 28) are oonsiderably larger than the corresponding 
geometric moano (Table 27). In all cases in function I the arith­
metic mean factor use shows a higher proportion of the more highly 
productive livestock input than does the geometric mean. As a results 
the marginal products of the individual resouroes, except livestock 
Table 28 . Ariuiiistic ^..ea:ij iiirginal Product aiad Average Product 
of Rosourcos Used in Livestock Production with All Inputs 
at Their Arithnetic Laeans 
Item Ilontana North S outh Alabama 
1950 Io\7a lov/a 1550 
1950 1950 
Live stool: function I 
Aritlii;«tic ire an; 
Products- 12084 13943 9067 1336 
Predicted product 12345 14949 9425 1309 
Feed 3265 6710 4542 597 
Labor 0.942 0.232 7.323 3.530 
Livestock input 5363 5335 2753 359 
Otlier input 263 493 315 61 
f:jar£inal product: 
Feed O09985 0.9214 0.7763 0.7035 
Labor 120.56 lis.£7 148.65 90.50 
Livestock input 1.305 io253 1.719 1.430 
Other input 3.479 0.949 1.729 I0O43 
Average product; 
Feed 3.701 2.073 1.996 2.238 
Labor 1351 1694 1232 373 
Livestock input 2r25l 2.613 3.233 3.721 
Other input 45.95 2a .00 20.76 21.90 
Livestock function II 
AritlijTetic r.ean; 
Product 120d4 13543 9067 1336 
Predicted product II3B9 13906 9324 1255 
Labor 0.942 0.232 7.^323 3^530 
All other inputs 0696 12543 7614 1017 
iJarginal product: 
Labor 106.36 130.65 140r46 53.10 
All other inputs 1.200 1.011 1.203 0.919 

Predicted product 
Feed 
Labor 
Livestock iniuit 
Otlier input 
12349 
3265 
0.942 
5363 
263 
14949 
6710 
0.232 
5335 
493 
9425 
4542 
7.323 
2750 
315 
1359 
597 
3.530 
359 
61 
iJarginal product: 
Feed 
Labor 
Livestock input 
Other input 
O09965 
120.56 
1.305 
3.479 
0.9214 
115.67 
io253 
0.949 
0.7763 
140.65 
1.719 
1.729 
0.7035 
90.50 
1.430 
I0O43 
Average product; 
Feed 
Labor 
Livestock input 
Other input 
3.701 
1351 
2r25l 
45.95 
2.076, 
1694 
2.613 
20.00 
1.996 
123s 
3.238 
20.75 
2.238 
373 
3.721 
21.90 
Livestock function II 
Aritlonetic mean: 
Product 
Predicted product 
Labor 
All other inputs 
120o4 
11339 
6.942 
0096 
13943 
13906 
0.232 
12543 
9067 
9324 
7.323 
7614 
1336 
1253 
3^530 
1017 
L^ginal product: 
Labor 
All other inputs 
106.36 
1.200 
130.65 
1.011 
140r46 
1.203 
03»lo 
o»919 
Average.product: 
Labor 
All other inputs 
1351 
1.353 
1694 
1.112 
1230 
1.191 
370 
1.314 
\inits of neasurcDsnt; product, feod, liveatoci: input, other input, 
and all other inputs ($); labor (raonths). 
I 
135 
input, are generally higher at the arithmetic mean use in spite of 
the fact that in all areas except South Iowa the sum of elastioities 
is less than one. Thio provides evidence that, if the livestock/feed 
ratio were further increesed» a quite favorable marginal product for 
all resourcea could be attained* This may be the result of more 
adequate or complete use of pasture resources by livestock under a 
high rather than low livestock/feed ratio. This also indicates 
that the marginal product of feed resources used in cattle production 
may be higher than the same resources used in high grain consuming 
livestock (hogs and poultry). This is quite reasonable if consider­
able quantities of inadequately utilized roughage exist on the 
majority of farms since the "increase in productivity" comes about by 
more complete employment of existing feed resources than through 
true differences in the productivity of resources actually employed. 
In livestock function II the marginal products of resources in Alabama 
are lower than in other areas. This is due mostly to the relatively 
small quantity of resources used and the ineffective use of those 
resources actually employed. 
The distribution of farms by aggregate quantities of inputs is 
given for livestock production in Table 29. In Montana a large pro­
portion of the farms have a relatively small input. This is further 
emphasized by the fact that 40 out of the 151 farms in the Montana 
SEunple had no livestock at all and are not included in any of the 
livestock computations, A small number of farms range upward to quite 
large inputs. This indicates that} for the sample area in Montana^ 
crop production is not integrated closely with livestock production on 
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Table 29. Per Cent Distribution oi" Fanns by Aggregate Livestock Input, 
by Areas 
Value or Per cent farnis in intei'val 
aggregate 
livestock 
input 
•It iP 
i'-iontana 
1950 
Nor th 
Iowa 
1950 
South 
Iowa 
1950 
Alabama 
1950 
North 
Iowa 
1939 
bouth 
Iowa 
1939 
0 - 999 6.31 2.11 2.10 62o00 
1000 - 1999 17.12 loUl c70 19. UO 12.28 25o22 
2000 - • 2999 8.11 3.52 5.59 I4.9O 2I4.56 U2.98 
3000 - 3999 9.91 3.52 9o09 2o98 2Bo95 13.91 
Uooo - I4999 9.01 h.93 13.29 10.53 7o83 
5000 - 5999 9.01 5.63 10. U9 »75 60II4. 3.U8 
6000 - 8999 11.71 19.01 22.38 loU9 iioUo U.35 
9000 - 11999 6.31 19.01 17. U8 l.h9 3.51 ln7U 
12000 - 1U999 2.70 9.86 6.99 I0I49 1.75 087 
15000 - 17999 7.21 9ol5 3.50 .75 .88 
18000 - 20999 2.70 U.93 2.10 X 
21000 - 23999 ,90 2.82 2.10 X 
214000 - 26999 2.82 .70 
27000 - 29999 .90 2.82 i.ho 
30000 - 39999 3.60 l4o93 .70 
Uoooo - U9999 1.80 .70 50000 - 59999 2.70 2,82 .70 
60000 - 69999 
70000 - 79999 o70 
80000 - 99999 o90 
100000 - 119999 o90 
120000 - 139999 .90 
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the aamo farms and that two dictinct sort of farm organization are 
present in the overall sample (i.e., wheat production and ranching). 
In Alabama the vaot ciajority of farms have a negligible input of 
livostook recources (less than $2,000). 
The predicted total products from specified aggregate quantities 
of resouroes are given in Table 30. These have been computed from 
livestock function III. Corresponding marginal products are given 
in Table 31. The predicted output in the lower ranges in every 
sample is below the corresponding input. Since returns to outlay 
are increasing, the differential is reduced as the quantity of 
resourcoB is increased (except for North Iowa 1939). For the range 
in which most of the observations occur, Alabama is again dis­
advantaged and the level of the marginal product of resources is 
lower throughout for Alabama compared to the other areas. This occurs 
in spite of the fact that the value per unit of labor used in aggre­
gating the inputs is about half for Alabama that it is in the other 
areas. In the upper ranges of all areas the value of the total 
product is above or much more nearly equal to the value of the aggre­
gate inputs. The increase in returns to outlay indicated in liveBtock 
function III over the level of returns to scale in the other functions 
indicates the ability to combine resources physically in the larger 
inputs in proportions and quantities yielding higher returns per unit 
than for smaller aggregate input quantities. 
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Table 30. E:;tiinated Total Product ol Specified Quantities of acgregate 
Livestock Inputs "rom Livestock Punction HI 
Total •.roduct 
Value of i-iontana North South Alaba;:'.a North South 
agf^re-;ate 1?3'0 Iov;a I owa 1950 lovja lov/a 
'1 ivcstock 1950 1950 1939 1939 
ixiput 
V 
1000 8 Oh 928 6^8 860 908 600 
2000 1707 1878 1U78 1737 1793 lh09 
3000 2650 2336 237)4 2621 2669 2320 
Uooo 3621 3799 3321 3509 35i;0 33C6 
iJooo I4613 U766 I43IO U1;00 UI4O7 )4351 
6000 5622 5736 5333 5291; 5270 5U)46 
9000 8730 8661 8563 7988 78i;6 8970 
12000 1192B 11602 11983 10696 IOUO6 12783 
15000 15197 1U5:^5 15550 13I4I3 1295h 16623 
18000 16521 17518 192U0 16139 15I493 21056 
20000 20765 19I498 21759 18023 
30000 322U2 29Uhl > 3)4938 
Uoooo UU055 39U39 U0869 
50000 56120 U9U78 63l4liU 
60000 68U05 59550 78U99 
70000 80862 69650 
80000 93U70 79773 
100000 119080 
120000 1)45130 
lUoooo 171560 
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Table 31. I'iarginal Pniduct ox' A ^(jregate Livestock Input a t Sped .Tied 
•cUant/itieG ."ro;!i Livtstuck ^''unction III 
Value of Mar=;.inal product 
a[^2ro,e';ate ; ion tana Morth South Alabama "north Sou th 
livestock 1950 Iowa Iowa 1950 Iowa iuwa 
i nput 1950 1950 1939 1939 
4 
1000 .8729 .9U36 .7685 .8722 .8912 .7386 
2000 .9260 .95!; 3 ,8632 .8311 08798 .3669 
3000 . 958 5 . 9606 j92l;0 08862 .8732 .9 ^^ '20 
liO'JO .9823 o9652 O9698 .8900 08686 1.017U 
5000 1,0012 .9686 1.0063 .8928 o8650 1,0712 
6000 1.0168 o97l5 1.0381 0P952 08621 1,1173 
9000 I0O526 .9780 1.1112 o9005 o3557 1,2269 
12000 1.0787 .9326 I0I662 o90U3 08511 1.3112 
1^000 1.099U O9861 1,2107 .9072 o8U76 1,3805 
18000 1.1166 .9891 1.2U83 o9096 08I4U8 1.U399 
20000 1.1267 o9908 lo2706 .8I42I1. 
30000 I0I663 .9973 1.3601 Uoooo I0I952 1„0020 loh21h 
50000 I.21C.I I0CO57 lo 14819 
60000 lo2372 1.0086 lo5280 
70000 1.21^36 1.0112 
30000 1=2679 1.01311 
100000 lo2922 
120000 lo312U 
lUoooo 1O3298 
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Tlie marginal products of livostook resources are consiclerod 
in more detail in Tables 32 to 41 inclusive. Theso havo been com­
puted uoing fmiction II, Tlie marginal product of labor in k'ontuna 
and the two samples in lovm is above that of Alabama for tVie 
respective mean quantities of capital services (feed, livestock and 
other input) used. The quantity of capital services required to 
increase the marginal product of labor to $200 per month, while 
retaining the mean labor use, is almost twice present capital 
quantities (see Table 32). In North Iowa un inorease of slightly 
I 
more than 50 per cent would be required (see Table 33) while in 
South Iowa (Table 34) a little less than 50 per cent is necessary. 
In Table 36 residual products of labor are presented by capital 
input strata. These estimates have been extracted from Tables 50 
to 53 inclusive. The gross residual product per man assumes a lil 
ratio between productivity and price of capital inputs without any 
return to investment. The residual product of labor per man makes 
an allowance of five per cent return on investment. The general level 
of the residuals are not greatly different from the marginal products 
of labor as estimated in Tables 32 to 35. The average value of 
capital inputs is lower in all bases than the average investment 
except in the case of the upper group in North Iowa. A higher 
proportion of livestock input in the form of hogs is probably res­
ponsible for this difference. If this Is chiefly responsible, hog 
production v/ould appear to have provided a less productive outlet 
for feeds than roughage consuming livestock and this would account 
141 
Table 32. Llarginal Product of LivODtocl: Labor with 
Difforont Quantities of Capital, Hontana 1950» 
Estiniated fron Livestock Function II 
i.Ionths Value of marginal product,^ 
of capital inputs at 
labor 
50% of loo;;^ of i50/i of 200)^ of 
rnean nioaii rioan moan 
2 220.16 421.43 616.52 806.74 
4 ll6«66 223.30 326.52 427.47 
6 30.46 154.03 225.22 294,, 05 
8 61.G2 IIQ.35 173.05 226.55 
10 50.39 96.46 141.04 lo4,66 
12 42.64 31.61 119.34 156.24 
14 370O3 70.08 103.64 135.60 
S.942 (mean) 106.86 
^!.;ea3urod in dollars per uonth. 
Table 33. I.iarcinal Product of Livestock Labor v/itJi 
Different Quantities of Capital, North lov/a 1950, 
Estimated fron Livestock Function II 
llontiis Value of iiiarginal product,^ 
of capital inputs at 
labor 
50V. of 100;:, of I50;o of 200;. of 
mean mean noan mean 
2 257.23 432.28 696.64 904.08 
4 135.67 254.30 367.43 476.84 
6 93.30 174.95 2:i2.68 327.93 
8 71.54 134.13 193.75 251.44 
10 58.23 109.18 157.70 204.65 
12 49.21 92.27 133.27 172.96 
14 42.68 80.02 115.59 150.00 
8.232 (i:iean) 130.65 
^•I.Ibasured in dollars per month. 
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Table 34. IlarQinal Product of Livostock Labor v/ith 
Different Quantities of Capital, South Iowa 1950, 
Sstiinated froin Livestock Function II 
Llontlis • Value of marginal product ^a 
of capital inputs at 
labor 
505-^ of loo;! of i5o;I of 200^'; of 
mean moan mean moan 
2 236058 467.28 695.92 922.94 
4 123.26 253.31 377.26 500.30 
6 89.63 177.04 263.67 349.-66 
8 69.52 137.31 204.50 271.21 
10 57.09 112.74 167.92 222.69 
12 43.58 95.96 142.93 189.54 
14 42.40 83.74 124.73 165.41 
7.323 (moan) 148.46 
'^IJeasured in dollars per month. 
Table 35. I.iirginal Product of Livestock Labor with 
Different Quantities of Capital, Alabarna 1950, 
Estirflatod froia Livestock Function II 
IJonths 
of 
labor 
Value of mai'ginal product 
capital inputs at 
a 
» 
50/^ of 
nisan 
100;4 of 
mean 
i5oj^ of 
mean 
200); of 
mean 
2 76.76 128.60 173.76 215.20 
4 45.12 75.56 102.17 126.50 
6 33.06 55.36 74.34 92.70 
8 26.52 44.40 60.04 74.37 
10 22.35 37.44 50.60 62.67 
12 19.44 32.54 44.02 54.50 
14 17.27 28.92 39.09 48.41 
3.530 (ir.oan) 83.18 
^•Lioasured in dollars per month. 
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Table 36. Froquency Distribution of Capital in Relat 
Production and Gross and Residual Labor Pr 
Capital- Ranc;e of Per cont Average Avera;:;e' Average • 
interval capital farms in capital product of- all c 
interval^ interval investment per fari.; inpu 
• i.'ontaiia 1950 
Lov/er third 149-2553 33.33 3044 loTl 143 
i.dddle third 2604-5964 33.33 7500 4925 374 
Upper third 60IU-67263 33.33 41237 29450 2151 
All farm average 100oOO 17260 12034 609 
liorth Iowa 1950 
Lower third 653-6921 33.57 7467 5627 449 
liiddle tliird 6940-12233 33.57 10133 11006 963 
Upper third 12401-755^2 32.36 19702 25442 2373 
All farm average 100.00 12401 13943 1254 
South lov/a 1950 . 
Lov/er third 403-4543 33.60 5476 4008 312 
Liiddle third 4573-7634 33.60 7989 7079 611 
Upper third 7091-45402 32.90 14387 16263 1372 
All farm average 100r,00 9413 9067 761. 
Alabai.ia 1950 
Lower third 11-357 33.83 581 338 22 
!.Iiddle third 363-337 33.08 969 669 53 
Upper third o42-90o2 33.03 2297 2952 230 
All farm average 100.00 1277 1336 101 
"^Japital and product meaoured in dollars; labor tieasured in months. 
^Averase product per farm divided by years of labor. 
Average product per farm less value of capital inputs divided by years of labor. 
"^Average product per farm less value of capital inputs aiid intorost at 5 per cent o 
1 
if Capital in Relation to Resoui'cos Usod, Total Value of 
. Residual Labor Productivity for LivestocI: 
.ge Average value Average Gross Gross residual Residual product 
•ct of* all capital months labor product product per r^an^ of labor per nian^ 
arm inputs per fai'm per iiian^ 
tana 1950 
7 1434 2.91 7735. 1826 II97 
5 3743 6.61 0939 2145 1465 
0 21511 17.30 20425 5506 4076 
4 0896 8.94 16217 4273 , 3121 
Iowa 1950 7 4497 5.60 12066 2421 1622 
6 9635 3.37 15778 1965 1235 
2 23733 10.70 20315 1902 805 
3 12542 0.23 20327 2042 1138 
Iowa 1950 
8 3123 6.40 7520 1661 1148 
9 6119 7.21 11779 1598 933 
3 13729 3.69 22463 3501 2474 
7 7&14 7.42 14648 2348 1586 
bai.ia 1950 8 228 1.74 2672 1105 910 
9 534 3.37 2455 550 • 378 
2 2307 5.52 6417 1402 1152 
6 1017 3.53 4541 1084 • 667 
years of labor. 
st at 5 por cent of investtient divided by years of labor. 
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for tho deoroasing raaidual to labor as capital is increased. No 
group yields a high return to labor except the largest third in 
Montana and perhaps alao the same group in South Iowa. 
When the quantities of capital resources in the other areas are 
raised to the North Iowa level» the marginal product of labor in 
Worth Iowa is tho lowest (see Table 37). It is highest in Alabama 
followed by South Iowa and Montana in that order. '.Vhereas it 
required about a 40 to 60 per cent increase in capital resources in 
Montana and South Iowa to bring, aggregate use up to the North Iowa 
level, the necessary increase in Alabama is more than 1200 per cent 
(see the mean quantities of capital listed in Table 36). As in the 
case of crops, this estimate for Alabama is not reliable statistic­
ally since this point on the production surface is well beyond the 
range of the data and should not be considered in these comparisonB. 
The effect on capital productivity of bringing total capital 
services up to the North Iowa level is not unfavorable with regard 
to the marginal product of capital in Montana and South Iowa (see 
Table 38). The marginal product of capital for these two areas 
remains higher than for corresponding points in North Iowa. In 
Alabama, on the other hand, while the marginal product of labor 
increases fairly rapidly as capital is increased, the marginal pro­
duct of capital ia driven down to an unaoceptably low level before 
the marginal product of labor becomes very high. Tables 39 and 40 
also indicate that resource productivity in Alabama is sufficiently 
low that a reasonable marginal product for labor oan be obtained only 
at the undue expense of the marginal product of capital* Reviewing 
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Table 37. liirsinal Product of Livestock Labor '//ith Capital Inputs 
for All Areas Equal to Hortli lov/a Average, Labor at Loan, 
Estimtod from Livestock Function II 
Llonths Lie nt ana liorth South Alabejna 
of 1950 lov/a lov/a 1950 
labor 1950 1950 
2 581.51^ 482.2o 762.92 831.49 
4 30G.12 254^33 413.55 488.68 
6 212.52 174.95 239.03 358.15 
8 163.29 134.13 224.19 237.29 
10 133.10 109.18 IG4.O8 242.11 
12 112.61 92.27 156.60 210.53 
14 97.80 80.02 136.73 187.05 
I.I.P. at no an labor 147.44 130.65 242.39 537.94 
Adjusted capital 
services 12542 12542 12542 12542 
Mean labor ci,542 3.232 7.323 3.530 
^I.ieasured in dollars per month. 
Table 38, Liarginal Product of Livestock Resourcos with 
Capital Inputs for All Areas Equal to North lov/a Average, 
Labor at :..oan and o i.ionths, 
Estir^tod from Livestock Function II 
Quantity Liirsinal product 
Area ^ 
Labor Capital Labor^ Capital 
Liontana d 12542 163029 1.163 
Horth Iowa 0 12542 134.13 1.009 
South Iowa 8 12542 224.19 1.204 
Alabama 8 12542 267.29 O.5S3 
I.:ontana 8.942 12542 147.44 1.174 
North Iowa 8o232 12542 130.65 1.011 
South Iowa 7.323 12542 242.39 lal92 
Alabtu-ia 3.530 12542 537.94 0.482 
°-;.:easured in dollars per month. 
^.Measured in dollai's per dollar unit. 
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Table 39. Liarginal Product of Livcatoch Labor in Alaba;:ia v/ith 
Capital Inputs at Specifiod Levels, Labor at Llean, 
Estiiiiated from Livestock Function II 
;.:araiiuil product with capital inputs at^ 
i^onths 
of Twice Tlaree Four Five Seven 
labor mean times tines tiuca times 
r.ieaii me ail I'loan mean 
2 215.20 290C82 360.14 425.14 545.80 
4 126.50 170.96 211.64 249.86 320.81 
6 92.70 125.26 155.13 183.14 235"11 
8 74.37 100.48 124.43 146.90 188.59 
10 62.67 84.60 104.87 123.80 158.92 
12 54.50 73o64 91.18 107.66 138.21 
14 48.41 65.44 81.02 95.64 122.80 
Adjusted capital 2034 3051 4060 5085 7119 
®'I.:easured in dollars per month. 
Table 40. Liarginal Product of Livestock Resources in Alabaina 
v/ith Capital o.nd Labor Inputs at Specified Lcvols 
Estir.iated froi:i LivostocI : Function II 
Quaiitity of input J-arginol product 
Labor Capital Labor Capital 
(months) (0) 
. 
8 1017 44.40®- 1.112^ 
O U 2034 74o37 0.931 
G 3051 100c43 0.839 
8 4068 . 124.43 0.779 
8 50 85 146.90 0.736 
r\ 
0 7119 lo3.59 0,675 
3.53 503 49.66 1.099 
3.53 1017 03.16 0.919 
3.53 1526 112.47 •0.828 
3.53 2034 139.25 0.769 
7.06 10170 270.53 O.59S 
^iiasurod in dollars por month. 
^lieasured in dollars por dollar unit. 
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Table 41, . J.iirrinal Product of Capital for Livestock Production 
v;ith Spccificd Levels of Input J Labor at ;.;oan, 
Estimted froi: i: Livestock Function II 
Quantity of Lent ana liortli South Alabar-n 
capital 1950 lov/a lev,'a 1950 
(0) 1950 1950 
1000 0.923 i,0S5^ 
2000 0.772 Oc.908 
3000 0.696 0.3i: 
4000 1.262°- 1.125 1.217 0„646 0.760 
6000 1.230 I.0G3 I..206 0.533 0.635 
oOGO I.2O0 1.054 1.201 0.541 0.636 
10000 1.191 1.033 1.197 0.511 0o60l 
12000 1.177 1.015 1.193 0.436 0.573 
14000 l.,l66 1.001 1.190 0.551 
16000 1.156 0.933 1.187 0.532 
18000 1.14G 0.973 , 1.164 0.516 
I.ban labor 0.542 3.232 7 O 3.53c 7.060 
^I.fltisurcd in dollars per dollar unit. 
^lie second coluimi for Alabai.ia indicates UKirgi^al products of capital 
with labor hold at tv.'icc its mean. 
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the range of all inputs for Alabama (Table 29) and the range of 
capital inputs only (Table 36), the farms having a large input 
oonsisting of a fairly high proportion of labor actually have a 
higher marginal product of all resources (see Table 31). Tiie few 
farms which fell near the upper limit in aggregate i-esource uea were 
actually dairy and poultry farms. The number is so limited that 
definite conolusions about a general shift toward this type of pro­
duction (i,s» versus a subsistence type of production of livestock) 
are nojr warranted. This does suggest, however, interesting possi­
bilities for increasing resource productivity in Alabama. Table 
41 again indicates the lov; level of capital productivity in Alabama 
versus the other three areas. Note also that the level of capital 
productivity in North Iowa is distinctly lower than in Kontana and 
South lovra. 
149 
VII, PRODUCTIVITY OF CROP VERSUS LIVESTOCK RESOURCES AND 
THE AGGREGATE FUNCTION ESTIMATES 
In Chapter IV the levels of returns to scale were compared 
between crop and livestock production. In Chapter V and Chapter 
VI concentration was upon comparisons of productivity of resources 
within crop production and within livestock production respectively. 
Attention is now focussed upon the differences in resource producti­
vity between crop and livestock production within areaD. 
In such comparisons of productivity, land plays a unique role 
since it cannot be redistributed geographically. All other resources 
given enough time, may be transferred, Tlie price paid for the 
services of land with respect to its marginal product may affect 
resource allocations between types of commodities and between areas 
since the other resources will be used in different proportions with 
land if it is not commanding a price equal to its marginal value 
product. 
A general tendency to overestimate the elasticity (and so the 
marginal product) of land has been noted in the crop functions. Since 
the sum of the elasticities is not materially affected* the marginal 
productivity of other crop resources has been somewhat underestimated. 
A tendency to "draw" the livestock functions toward constant returns 
to scale and a one-to-one ratio of livestock input to output has been 
introduced by the inolusion of beginning inventories of growing stock 
as part of the livestock input. This element of input could have been 
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treated more in the way of an investment (oatalytio factor) rather 
than as an input entering directly into the production process. It 
enters more as an input to which additions are made rather than as 
an input physically transformed or providing mechanical or other 
services which carry out the process of transformation. This 
element of livestock input has been included, however, since there 
is the aspect of increese in grade and so a quality premium on the 
original condition (opening inventory) of the animals which should 
be included in the marginal value productivity. This could have 
been included by the pi-ocess of subtraction of the value of beg­
inning inventory from both the livestock input and ihe livestock 
output. Incidence of uncertainty in livestock production and in 
prices bears most directly on investment in livestock since loaa 
due to mortality and price fluctuations affects the ',7hole invest­
ment rather than just the gain in weight achieved in the production 
period. 
These aspects of the two estimates make direct comparisons of 
the relative productivity of resources used in crop production and 
livestock production more hazardous. Considering the productivity 
of all crop resources (crop function III, Table 10) and all live­
stock resources (livestock function III, Table 30), it is quite 
evident that the general level of productivity of crop resources in 
Montana, North Iowa and South Iowa ia considerably higher than the 
productivity of livestock resources in the same areas. The level of 
output for given quantities of input is higher for crops than for 
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livefltock throughout the whole overlapping range of the functions.^ 
In addition, except for the very largest livestock output in South 
Iowa, the ratio of output to input is higher for crops than for 
livestock even if the most advantageous input for livestock is com­
pared with the least advantageous input for crops. In Alabama, 
however, livestock production has an advantage over crop production. 
The level of both in Alabama is belov/ the poorest in any of the 
other areas. This exists in spite of the fact that labor is valued 
at half the rate par unit in Alabama compared to the other areas, 
A comparison of the marginal productivities of resources for 
2 the areas yields similar results. These results lead to consider­
ation of possible errors in pricing of the inputs in the aggregation 
process. The price of crop output is given by outside markets and so 
is the price applicable to livestock feed. The price of both live­
stock input and output is also determined in the same way since the 
price of livestock input must always be about equal to its outside 
opportunity (sale for slaughter or feeding elsev/here). Since a major 
portion of labor employed on livestock occurs in the off-season for 
crops and since it is entered at the same price for both livestock 
and crop input, it is quitcj probable that the price of livestock 
^For the distribution of the farms in the samples, see Tables 
29 and 39. 
^See Tables 11 and 31. This is to be expected since the 
marginal value product of the aggregate resource is the ratio of 
output to input times the elasticity of the input. 
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labor is higher with respect to its marginal productivity than is 
crop labor. If this is the cassj the productivity of aggregate 
livestock resources would be more nearly equal than the rtjoults 
would indicate. It would mean, however, that the marginal value 
productivity of labor on livestock is lower than for crops and 
that operators are willing to accept this lower return during the 
off-season for livestock labor in order not to have labor (and 
perhaps certain land resources) unemployed. It aust be noted also 
that forage and pasture in the compleraontnry and supplementary 
ranjjes v/ould have no possibility of employment (or other "sale 
value") if it were not for the existence of livestock to process 
it into a saleable product, Tlais means that certain of the feed 
resources entering livestock production may actually be overpriced 
and this results in an overestimate of the value productivity of 
livestock outlays. In addition a large proportion of the farm-
produced concentrate feed consumed by livestock has a lower market 
value than marketed grains due to quality differences between grains 
retained and fed and those marketed through oommercial channels. 
Comparing the marginal products of labor and non-land capital 
inputs between livestock and crops as computed from crop function 
II and livestock function II (see Tables 8 and 28 and also Tables 
18 and 38), it appears that» with the exception of machine services 
in Montana and Alabama, a transfer of some of the outlays for these 
resources from crop production to livestock production would lead to 
a mora efficient utilisation of such outlay. Such is not substant­
iated, however, when outlays for land are included since the marginal 
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value product of such total outlays in crop production boars a 
higher ratio to value of input than in livestock production. Compare 
for example, marginal value product of outlays in Table 21 with com­
parable outlays in any of the livestock l^inctions. 
Such comparisons further substantiate the argument that the 
productivity of non-land resources in crop production are actually 
underestimated if they are considered appropriately (that is with­
out removal from the context of production logic as it applies to 
the physical ability to substitute between land and other crop 
resources). It is also clear that, without gome corresponding in­
crease in land resources, the productivity of non-land crop re­
sources is low and the marginal value p;'oduct of outlays for these 
resouroes is less than one. 
Aggregate function I was fitted in order to compare the marginal 
product of all mobile resources (non-land) taken together and to pro­
vide an estimate of the productivity of all land. In addition, the 
sum of elasticities indicate returns to scale for all production 
taken together. The elasticities, sura of elasticities, standard 
3 
errors and F-tests are presented in Table 48, The elasticities 
in the 1939 samples and the North and South Iowa 1950 aaraplos are 
quite similar. The elasticity of land is relatively higher for both 
Montana and North Iowa. The level of significance for all of the 
coefficients is acceptable, 
For additional data see Tables 64 and 70 in Appendix D. 
Table 42. Elacticities, Suiii of Elasticities aiid Standard Errors 
of Estinate of Aggregate Labor-Capital and Laiid Inputs 
Aggregate Function I 
Iten :.;ontana 
1950 
ilorth 
lov/a 
1950 
South 
Iov;a 
1950 
Alabajna 
1950 
North 
loY/a 
1939 
South 
Iov;a 
1939 
Elasticity: 
Labor-capital 
Land 
0.6219^ 
Oo2510^ 
0.7424=1 
0.3250^ 
1.0205^ 
0.1367®-
1.0109^ 
0=1427^ 
0.6461^ 
0.3022^ 
1.0093a 
0.1266'= 
Sum of elasticities O.0729 1.0674 1.2072 1.1536 1.0303 1.2179 
Standard errors:§ 
Labor-capital 
Land 
0.1762 
0.1548 
0.0713 
0.0988 
O0IO26 
0.0953 
O0O99I 
0.1099 
0.0915 
0.0859 
0.1653 
0.1324 
F-test 6.68^ 3.33 18.56° 10.21® 0.75 10o73® 
Significant at 0.005 level (one-tail t). 
^Significaiat at 0.025 level (one-tail t). 
^Significant at 0.050 level (one-tail t). 
Significant at 0.100 level (one-tail t). 
significant at OoOl level (F at 0.01 level - 6.U2 to 6.92 depending on dif.). 
*F significaiit at 0^05 level (F at 0.05 level - 3«Vl to 3»94 depending on d.f.). 
^0,05 iialf confidence interval. 
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Returns to scale as indicated by the sum of the olastioitiea 
is increasing for all samples except Montana. Of tho 1950 samples, 
only in Morth Iowa does the F-test fall belov; the .05 lavel. This, 
however may still bo considered acceptable.'^ Tho sum of elasti­
cities for Montana is lower than might be expected. It has been 
noted that the lavel of productivity of livestock outlays are con­
siderably below the productivity of crop outlays. Non-land inputs 
are composed of both crop and livestock inputs but, for the larger 
inputs, the ratio of livostock to crop output is much higher. The 
composition of the non-land input also shows the same tendency. 
The land variable is composed of both cropland and pasture land. 
The proportion of pasture to cropland is much higher for those 
observations with the larger outputs (also composed of a high pro­
portion of livostock). In both variables (land and output) there 
is a tendency for the productivity to decline due solely to the 
changing composition of the variable. This provides a distinct 
downward "pull" on the portion of the function having the larger 
inputs and this is reflected in the decreased size of both elasti­
cities and so on their sum. This tendency is much less apparent in 
the other samples but not6 that in North Iowa the ratio of livestock 
to crop output increases mors than in the other two 1950 samples and 
that the sura of elasticities for North Iowa is also lower than in 
^The .05 level is about 3.92» 
^See the capital strata in Table 54 especially. 
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the other two samples. The higher productivity of livestock versus 
crop raBources in Alabama is probably not great enough to have much 
effect on the sum of elasticities but the Joint effect of increasing 
both orop and livestock inputs is much larger than increasing either 
7 
separately. This suggests a higher degree of complementarity 
between crop and livestock production in Alabama for the larger units 
than for the smaller ones. 
The geometric and arithmetic means and the corresponding margi­
nal products are given in Table 43 for aggregate function I. South 
Iowa and Montana show resource use more nearly in optimum combination 
than either North Iowa or Alabama. Considering the price of land, 
outlays for an increased proportion of land to other resources is 
indicated as desirable for both North Iowa and Alabama, The desir­
able type of adjustment in North Iowa is likely in the direction of 
an increased land/machinery ratio with increased output reaching the 
Q 
market through orop sales rather than through livestock production. 
In Alabama, however, the direction of adjustment is more likely to bo 
in a large increase in land and livestock resources without any in­
crease in labor input. The absence of any extent of mechanization 
g 
See the capital strata in Tables 55, 56 and 57. 
"^Compare the sums of elasticities for all of the Alabama 
functions in Appendix D. 
®The current crop/liveatock price ratio will play a dominant 
role in determining the appropriate direction of disposing of the 
orop product. 
Table 43 . Geonotric ilean, Aritiirnstic Lieaii said. liarginal Product 
of Aggregate Labor-Capital and Land Inputs^ 
From Aggregate Function I 
Moiitana I.'orth South Alabai'.ia Ilorth South 
1950 lov/a Iowa 1950 lov/a Iov;a 
1950 1950 1939 1939 
i.£an quantities 
GeoJ-ictric i^ean; 
Product 
Labor-capital 
Land 
Aritlu'-ietic nean: 
Product 
Predicted output 
Labor-capital 
Land 
22553' 
11945 
1525.6 
I9I0I 
15030 
186 «4 
11821 
10753 
170.7 
2084 
2456 
41 o7 
6057 
5072 
164.7 
3370 
3412 
148.2 
30634 
30793 
16379 
2325.0 
22718 
22418 
17086 
202.7 
14339 
13750 
12179 
194.0 
2734 
2568 
2967 
47.4 
Marginal products 
GeoiJctric LEan: 
Labor-canital 1.174 0,947 1.122 0oo58 Oo774 lc07a 
Land 3=>71 33.45 II.38 7.13 14.06 2.^3 
Arithmetic neaJi: 
Labor-capital I.I69 O.93I 1.152 0.675 ^ ^ 
Land 3.324 35.94 13.23 7.733 
^Units of r<ioasuro.ucnt: product and labor-capital ser^/icos ($), land (acres). 
^Aritiuiietic ijcans not conputod for 1939 data. 
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of orop production for large units in the Alabama sample does not 
provide a means of estimating response to increasing the scale of 
orop production alone. 
The marginal products of labor-capital and land services are 
given for selected resource quantities in Table 44. These data 
provide more detail nn resource productivity for the 1950 samples. 
The results of the last remaining group of functions which have 
been calculated are given in Appendix D, Table 65« These are 
polynomials of the third, second and first degree. The aggregate 
input is the sum of the value of all of both crop and livestock 
inputs. The distribution of farms by aggregate inputs is given 
in Table 45. All distributions are skewed toward the higher values. 
In agricultural production the variance of the observations 
about the production surface is much more nearly proportional to 
the size of the input than independent of it. For example, the 
deviations in actual crop output from predicted output are much 
mora closely associated with yield per acre than with any other in­
fluencing factor since the chief cause of variation is due to weather 
and soil variation between farms. The proportion of land to other 
factors remains fairly constant as input is increased. This results 
in a variance of actual production about predicted approximately 
proportional to the total value of input. Much the same situation 
is present in livestock production except that in this case variance 
is about proportional to livestock investment or feed input since 
again variation occurs on a per-technioal-unit basis. This is not 
"averaged out" between farms by a large number of livestock on each 
Table 44. Ilar^iiial Product of Laiid and Labor-Capital Services, 
Land and Labor-Capital Services at Specified Quantities 
From Aggregate Function I 
Quantity of 
labor-capital 
input 
iiarginal product 
Land at ^0% 
of 
Land at lOO/o 
of mean 
Land at l^Oyl 
of r.-ean 
Land at 200/3 
of tiean 
Labor- Land 
capital 
Labor- Laiid 
capital 
Labor- Land 
capital 
Labor- Land 
capittil 
Montana 1950 
5000 1.525 2.65 1.815 1 .58 2.010 1 .16 2.160 0.94 
10000 1^34 4.11 15409 2 1.560 1 .80 1.677 1.46 
15000 1»007 5.24 10198 3 .12 1.326 2 .30 1.426 1086 
20000 0.902 6.27 1.074 3 .73 1.189 2 .75 1.273 2,22 
30000 0.775 8.07 0.922 4 .60 1.021 3 c54 1.097 2.06 
40000 0.695 9.65 0.527 5' ^74 0,916 4 .24 0.984 3.42 
Ilortii lov. ra 1950 
5000 I0O31 22.27 1.292 13^ i95 1.474 10. 61 1.619 Qc7A-
10000 O0863 37.26 loOol 23 ^ 34 1=233 17 .75 1.354 14.62 
15000 0.777 50.35 0.974 31. 54 1.111 23 .99 1.220 19.76 
20000 Oo722 62.34 0.904 39. 05 1.031 29 .70 1.133 24.46 
30000 0.650 04.22 0.014 52, .76 0.929 40. 12 1.020 33.05 
4-0000 0.603 104p29 0.756 65, .33 O.S62 49, ,68 0.947 40.92 
South lov/a 1950 
5000 Oj994 9.37 UI3I 5. 34 1.220 3' >u4 1.207 3.04 
10000 1.008 19.01 1.147 10. 32 1.237 7. 73 1.305 6.16 
15000 1.017 20.76 1.157 16 ; '37 1.248 11, .77. 1.317 9.32 
20000 1.023 30.57 1.164 21. 95 1C256 15. 70 1.325 12.49 
30000 1.031 50.34 1.174 ,20 1.266 23. 07 1.336 18,39 
40000 1.037 73.25 1.160 44. v<3 1.273 32. ,02 1=343 25o34 
Alabai.'a 1950 
1000 0.7o4 4.67 O.C65 0 c. e .50 0.917 1. 32 0.955 1.42 
2000 Oo790 9a41 0.572 5. •19 0o924 3 = .67 C.962 2.87 
3000 0.793 14.17 0.375 7. .62 0.927 5 = >53 0 i966 4.32 
5000 0.797 23.75 OodoO 13. 11 0.933 9" ,26 0.972 7.24 
- - ^ ^ ) C r» n." A T n n/in tP,. A A 0.919 14»^6 

iiontona 1950 
5000 1.525 2 ^65 1.815 1.-58 2.010 1 .16 2.160 0,94 
10000 lol34 4 .11 1:409 2.-45 1.560 1 .80 1.677 1.46 
15000 I0OO7 5 .24 I0I98 3.12 1.326 2 .30 1.426 1086 
20000 0.902 / 0 .27 1.074 3.p 1.189 2 .75 1.278 2,22 
30000 0.775 0 *07 0.922 4.80 1.021 3 ^54 1.097 2.86 
40000 0.695 9 .65 0.827 5t74 0.916 4 .24 0.984 3.42 
llortli Iowa 1950 
5000 1=031 22. 27 1.292 13^95 1.474 10 .61 1.619 8 = 74 
10000 O0063 37. 26 lo03l 23--34 1O233 17 .75 1.354 14.62 
15000 0.777 50. 35 0.974 31.54 1.111 23 .99 1.220 19.76 
20000 0 = 722 62, .34 0.904 39.05 1.031 29 .70 1.133 24.46 
3OCOO 0.650 o4. ,22 0.814 52.76 0.929 40, .12 1.020 33.05 
4-0000 0.603 104; .29 0.756 65.33 0.862 49, .68 0.947 40.92 
South loY/a 1950 
5000 0,994 9. .37 1^131 5.34 1.220 • 3. i(j4 1.287 3.04 
10000 1,008 ,01 1.147 10.32 1.237 7< .73 1.305 6.16 
15000 1.017 • 2u • .76 1.157 16^37 1.248 11. 77. 1.317 9.32 
20000 1.023 36. ^57 1.164 21.95 1C256 15. 78 1.325 12.49 
30000 1.031 5o. 34 1.174 33.20 1.266 23. -•^7 1.336 18.39 
40000 1.037 75. 25 •. 1.180 44.53 1.273 32. ,02 1=343 25-34 
AlabaJ.a 1950 
lOCC D.TbA- 4. 67 0.G&5 2o5S 0.917 i< ,82 0.955 1.42 
2000 0^790 9 = 41 0.872 5.19 0o924 3 = .67 0.962 2.87 
3000 Oo793 14. 17 0.875 • 7.82 0.927 5c >53 O5966 4.32 
5000 0.797 23. 75 0 oObO 13.11 0.933 9. ,26 0.972 7.24 
10000 0o304 47 c 86 0 0887 26.41 0.940 18. ,66 0.979 14c58 
20000 O.SlO 96. 44 0^894 53.23 0^.947 37 = ,61 0.987 29.38 
^Pei' cent of axit!u.:ctic raan. 
Units of Eieasurer.eiit: product and labor-capital sei*vices ($), land (acres) o 
1 
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Table 4-5 , Per Cent Distribution of Farr.is 
by Aggregate Inputs, by Aroc.3 
Value of Por cent far;.is in interval 
aSCregate 
input Montana Horth South Alabatiia North South 
($) 195'0 lov/a lov/a 1950 Iowa Iowa 
1950 1950 1939 1939 
0-999 4.51 
1000-1999 31.53 0.88 8.70 
2000-2999 2.65 21.31 5.26 3i03o 
3000-3999 2.65 20.30 11.40 23.49 
4-000-4-999 1.32 3.50 7.52 22o81 11.30 
5000-5999 3.31 2.82 2.10 6,02 17.54 6«96 
6000-6999 4.63 1.41 6.99 2.26 14.91 60O9 
7000-7999 4.63 0 9o79 0.75 4o39 3.43 
0ooo-8999 2..65 4.23 10o49 1.50 5.26 4.35 
9000-11999 17.38 17.60 20.23 3.01 9o65 1.74 
12000-14999 14.57 16.90 21.63 0.75 2.63 2.61 
15000-17999 9.27 13.33 9.09 2.63 
IO000-20999 9.27 11.27 6.29 0.88 
21000-23999 6062 9.36 0.70 1.75 
24000-26999 5.96 3.52 4.20 
27000-29999 1.32 3.52 1.40 
.30000-39999 4.63 7.75 2.10 
40000-49999 3°31 4.23 0.70 
50000-59999 1.99 0.70 0.70 
60000-69999 0 0.70 
toooo-79999 0 0 
00000-39999 0.66 1.41 
90000-99999 1.32 
100000-119999 1.32 
I Jo an input 19372a 20062^ 13162^ 3090^ 6038^ 4250 
^Fron group tabulations (one farm includod in function v/as excluded 
from group tabulations in Alabair^i). 
^From fitted function. 
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farm slnoe the dlffersnces between farms are quite largaly due to 
differences in breed and quality and these tvfo elements of variation 
are much more uniform within farms than between them. 
In addition to variance being proportion to input, the skewness 
of the distributions tovfard the upper limit allows a few of the 
largest observations to practically determine the relative size and 
sign of the regression coefficients especially in the cubic model. 
The functions may be entirely spurious so far as indicating the 
nature of returns to outlay is concerned. For example, in Montana 
the five largest observations together account for about five times 
the total sum of squares of deviations in output as the next eight 
largest observations combined. The random occurrence of error in 
these observations can account for the relative size of the oo-
efficients. Fitting the average product with respect to total in­
put would remove the exaggeration of the influence of the larger ob­
servations and would correct for lack of homoscedasticity. 
Care must be exercised in interpreting the signs of the co­
efficients for diminishing or increasing returns also since it is 
possible to obtain diminishing marginal productivity (a negative 
sign on the coefficient of the "variable" having the highest ex­
ponent) while the marginal product as computed from the function is 
still increasing at, or very near, the upper limit of the range of 
the input variable. The strength of these influences may be seen in 
Q 
the functions directly. 
Q 
See Appendix D, Tables 65 and 71. 
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On preliminary inspection of the functions* Montana* South Iowa 
1950 and North Iowa 1939 yield increasing returns in the cubic model 
while the remainder indicate decreasing returns* The two 1939 
saii|)les end South Iowa 1960, however, are not significant* In the 
quadratic model for Nojrbh Iowa 1950 and Alabama the coefficients are 
significant and returns to scale are increasing, while for North Iowa 
1939, the coefficients are significant and returns to scale are 
decreasing* In all oases fewer than eight per cent of the observations 
are above the point where the marginal product of outlay is a nascimum 
or minimum in the cubic model* This provides substantial evidence that 
the largest observations determine the size of the coefficients* The 
funotions should not be considered reliable regardless of the level of 
significance of the coefficients* 
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VIII. RESODRGE PRODUCTIVITY ESTIMATES FROM 
GROUPED DATA 
A* Crop ResouroQB 
In the ooiirae of Inspection of the crop function estinatest 
reference was mexie to selected aspects of the data for groups of 
farms presented in Tables 46 to 49* These are now considered in 
more detail. The general method and description of the tables were 
presented in Chapter III and definitions of specific items are given 
in Appendix C. 1. 
The farms were stratified ly thirds according to the size of 
the labor input. They were also independently stratified by the 
total value of capital services. These stratifications yield nine 
independent primax*y cells or groups of farms as well as the three 
capital strata* the three labor strata and the sample average for 
all farms. Data dealing with per-farm averages of resource inputs and 
eapital/labor ratios are provided for each farm group. Cross 
resource productivities, residual productivities and marginal 
productivities are estimated for the mean quantities of resources in 
each labor-capital group. All of the data are presented in a single 
table since space limitations do not permit selections and repetition 
of items in a form perhaps more readily interpreted. The method of 
presentation allows comparisons of any set of figures for em area 
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with any othor item for the same area on a single page. The estimates 
from the production functions provide comparisons of resource 
productivities especially on an intrafarm and on an interregional 
basis. The grouped data provide comparisons mostly of the interfarm-
intraregional type. 
In all samples the numbor of farms in the low labor, low canital; 
mid labor, mid capital; and high labor, high canital groups is relatively 
large. This indicates a fairly high degree of correlation between 
inputs of capital services in aggregate and labor in the sansples. 
^''hen this 3S considered in conjunction with the fact that wide 
differences in productivity of individual rosources between groups 
exist, it indicates that the technical possibility of varying the factor 
ratio is more limited than a constant elasticity of substitution would 
allow. The iso-product contours are, therefore, more like type d tl an 
type c for the high capital ratios and perhaps more like tjvipe e than 
type c for the high labor ratios.^ 
Inputs of capital services in the group 33 in Ajabama were smaller 
than the corresponding inputs for the other three areas. Capital 
inputs for group 11 in Montana, North Iowa and South Iowa were greater 
than for group 13 in Alabama, '•Ihese figures again indicate that even 
if labor productivity is great in Alabama for relatively large amounts 
of capital in terms of the all-farm average, the amount of income per 
^See Figure 1, Chapter II, 
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farm must still be low oor'-^pHred to the other three areas because of the 
small quantities of capital used. 
In all areas for crop production there is a large increase within 
labor and between capital groups in the acroage of cropland, the 
quantity of machine services, the quantity of crop services, the total 
investment in resources used for crop production and in the total 
input of all capital services in practically every labor strata. The 
total value of product produced per farm also increases sharply within 
labor and across cauital groups. The increase in product is in a 
much greater proportion in most cases than the increase in the quantity 
of labor which is free to vary only within the strata limits. Greater 
quantities of capital are quite effective in increasing the value of 
crop production and so in Incrasing the productivity of a given 
amount of labor. The proportions of the throe categories of capital 
tended to remain about constant, ttiat is, they increased pronortionally. 
There was no such parallel increase in the total product from low 
to high labor groups within single capital strata. In general, 
product increased slightly from one labor group to the next but the 
increase was small compared to differencea between capital groups. 
Those increases correspond fairly regularly to corresponding slight 
increases in aggregate capital seirvices within the capital strata. 
These figures suggest that a fsu^m with (-'iven labor resources may be 
able to organize increased quantities of capital to produce a much 
greater product even with labor inputs relatively fixed. In contrast. 
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a given supply of capital allows only a minor incroaae in. value of 
product as labor is in-'^reased relative to the fixed supply of capital. 
There is also the suggestion of a dominating influence of the variation 
of cropland (as one of the capital inputs) aid the underemployment 
(ineffective employment), unemployment and overmeasurement of employed 
labor in the high labor groups and in the groups with high labor-capital 
ratios. 
Gross product-factor ratios are given in lines 40 to 43 inclusive. 
In all areas except Alabama the value of product por dollar of all 
inputs is considerably greater than one. If increasing or at least 
constant returns to scale is assumed, this indicates a general under-
pricing of resources in the three areas and a general overpricing of 
resources in Alabama. Product per man (line 4l) is the value of the 
total product divided by man-years of labor and is tl^e output-input 
ratio v-ry commonly used in economic comparisons of "productivity" 
and/or "efficiency". This ratio can never be used to indicate 
economic efficiency in resource use in its proper, full sense but is 
correlated at least with true resource productivity. It is of interest 
mainly in that it can indicate the "general level of material welfare" 
for areas where all resources used in the area have their origin there 
and the return to them is received by resource owners of the area. 
5his ratio varies widely both between areas and within areas. 
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Lines 4€ to 48 list various per-farm residual products. They are 
residuals in the sense that some of the factor costs have been subtracted 
from the value of the total product with the remainder or residual 
remaining "imputed" to the factors not subtrar^ted. The word "residual" 
is included in the title given each item to indicate that the cost 
of at least one other item has been subtracted. Gross residual product 
of labor is the per-farra residual after subtraction of capital services 
including five per cent of investment on land but. no return on invest­
ment in other capital rosources. Gross residual product of land and 
labor is the same as the above except no subtraction for land input 
has been made. The residual product of labor is t}Te rrsidual after 
subtraction of the value of capital services as well eus five per cent 
on all t3rpes of investment and is the item frequently referred to as 
the "net product of labor" on a per-farm basis. The residual 
product of investment is the.rosidual after subtraction of the value of 
capital services and labor services- and represents what remains to be 
"imputed" as a return on investment. 
Items 50 to 53 are these four items divided by the amount oP labor 
or investment per farm and represent a residual per unit of input (a rate) 
to which the residual is imputed. The word "average" is used in the 
item title to indicate that the residual is converted to a per-unit basis. 
In all of the residuals the actual outlay for capital services is used 
since this is the opportunity which faces the operator. An residuals, 
however, assume that the actual productivities of the other resources 
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are known.® 
The resldueils Indioate that while average produotivii^ differs 
oonsiderably between regions^ there are very large differences 
within regions. The wide variation in faotor ratios and their 
quantities within areas is partly responsible. In all oases except 
one in Uontana* North Iowa and South Iowa, the average residual product 
of labor decreases within capital, between labor groups while in 
evezy case exoept one it increases between capital, within labor 
groups. The exoeption in each Oase is caused by group 31 in Uontana 
and may be disregarded dlnce there are on!^ four observations in the 
5 
cell. This would still hold true even if the return on investment were 
doubled. This indicates rather oonclusively that a diminishing marginal 
rate of substitution between capital and labor exists. It would require 
a return on investment of 15 to 20 per cent to make the residual 
returns inconsistent with production logic. Exactly the SGime situation 
is present for the residual returns to investment. The tendency is 
2 
The prooess of assuming a rate of return on investment to 
compute a residual to labor and then reversing the process to confute 
a residual to investment oonstitutes a oon^lete inconsistency in 
logic. 
s 
More exceptions are found in Alabama. It is likely that there 
is greater percentage error in tosasuring the variables in Alabama 
than in the other areas because of their small siee. The distribution 
of the observations on the capital-labor factor surface also tends 
to be distinctly "horse-shoe** shaped with the center of the shoe toward 
the origin. 
169 
not nearly as marksd but it is still apparent,^ This is the opposite 
(in tho case o'" capital) oC what might be sxpected. If tl\Q value of 
labor is increased in the computations (its p^lco raised), the adjust­
ment in the residual to investment merely intensifies i:he discrepancy. 
If the return to labor is decreased, the residual return to investment 
shifts toward the oxpected situation (i.e., increasing residual to 
investment within capital groups, between labor groups and deoroasing 
residual to investment within labor groups, between capital grouns). A 
reduction in the return to labor would still not remove the 
inconsistency comnletely. Tliero seems then to be but one cause, that is, 
increasing marginal productivity of total outla."- and possibly of 
capital resources alone. A contributing element is the possible over­
pricing of labor resources with respect to true marginal labor 
productivity. These considerations indicate that tho residual product 
of labor is very much hi^er than actual labor productivity and that 
the residual return to investment is at least as high as calculated in 
most if not all of the cells. This reveals a fundamental error in 
using residual methods alone to indicate truo productivity of individual 
resources. 
In addition, a change in the price of tho product would not alter 
the ratio of the true productivities since such adjustment would merely 
If a constant ratio between capital services and investment exists, 
this is to be expected to be tho same as for labor because of tho methods 
of computation. 
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shift the outlay surfaoe up or dotm without affecting the position 
of the optlmm outlay line* The residual method, however, would 
allow shifts in the ratio of the estimated productivities since the 
amount subtraotad for each is fixed while the residual is allowed to 
vary* It vnuld be accidental only if the two residuals VEuried 
proportionally. 
In Montana the residuals to investment show a tendency to increase 
and then decrease both within capital, across labor strata and within 
labor, across capital strata. This indicates that, although labor is 
underpriced relatively in the high capital ratios and overpriced 
relatively in the low capital ratios, that the average size of farm 
in Montana is much nearer the equilibrium aise (i.e., much nearer 
eventually decreasing returns to outlay)* Some of the differences, 
however, can be explained by "quirks'* in the price of land and other 
elements in the Montana sas^le* 
A oonparison of the residuals in Alabama indicates that the 
general level of productivity of all resources in Alabasaa is very much 
lower than in any of the other areas. There is no evidence that 
capital is overpriced* A oomparison of the residuals to capital invest^ 
ment, however, indicates that labor is considerably ovez^lued and that 
a rate of about 60 per cent of that used would yield much more 
\ 
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reasonable residuals (with respeot to production logio) than the rate 
5 
aotually used in the confutations* 
In lines 65 to 67 the ntarginal produotivities of resources as 
predicted from crop function II are given for direct cosparison of 
the tivo methods* The behavior of the marginal products here is 
more realistic than when computations changing only a single factor 
over a wide range are considered. The confutations are made for points 
known to lie well within the actual factor space found in the sasfle* 
They also allow resource ratios to change as they aotually did in the 
seuifle (and so the population) of all farms in each area* The marginal 
product of labor increases within labor, between oapltal groups and 
decreases within capital* between labor groups. This is as might be 
expected. The marginal product of land (and machine-crop services 
where the shift is consistent) does not react in the expeoted maimer since 
it shifts in the same way as does labor within labor groups eind between 
oapltcd groups* It increases as expeoted within capital* between labor 
groups* These indicate that the productivity of land may be held at a 
high level even though the ratio of land to labor is Increased greatly* 
It indioates also that total resource use can be expanded using 
^Since the residual average products are increasing as sice 
increases* returns to scale must be increasing* The residuals to 
capital increase within labor groups to a much greater degree than 
do residuals to labor within capital groups* This indioates that high 
capital productivi-ty is ohiefly responsible for the increase in the 
residuals as siEe increases* The prioe allowed labor in finding the 
residuals must be reduced in order for the residuals to capital to be 
positive throughout most of the range of the data* The price of labor 
has* therefore* been overpriced in the confutations and since this was 
the market prioe of labor* labor is also overvalued in the meurket* 
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proportionally less labor while actually increasing tlj productivity 
of both labor and land. It is this possibility that has led to the 
increase in "returns to scale" as more and more resources were con­
verted to dollar values (more aggrsgation) between the three produc­
tion functions for crops. The increase in Alabama is pronortionally 
greater than in any other area. 
Marginal products for labor for movements within capital strata, 
between labor groups and marginal return to capital for movements 
within labor, between canital strata have been computed by an arithmetic 
procedure. Iheso items have been called averai];e marginal residual 
products. They ore computed from residuals. They are marginal in the 
sense that the other variables were hold constant, or nearly so, and 
they are averages in the senee that they are the added product over a 
range of factor use (between cells) and not point estimates of marginal 
productivity. They are somewhat similar to ©stimiites of marginal 
productivity that can be derived from two or more average products 
assi-ming a linear average product between points. They have certain 
advantages over these other types, however, ^f product per man had 
been used, no adjustment for any of the shifts in other resources used 
would have been involved. If residual average products had boon used, 
error in pricing the other factors over the whole range of the data 
would appear in the residual. This method eliminates all portions of 
error except error in pricing the other factors times the quantity 
that the other factors actually changed between cells. Since movement 
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is within strata for the otl-er variables, su«h ehifts in factor quantity 
and error are minimized. These estiraateH are tr,ore sensitive to errors 
in individual cell observations thaji tho production functions since 
each is based on data t.'or a sin trie pair of cells. Thev do not involve 
consistent bias to the sams extent, "hen those cells with very few 
observations are removed (say seven and less), the estimates are quite 
consistent oonsiderin?.; their sensitivity. They substantiate tlie con-
olusions which have already been drawn using t]-« other types of 
productivity estimates. In genera' they indicate a high productivity 
of capital and low productivity of labor when the relative market prioee 
of these factors are taVren into consideration. 
In comparing differences in the various productivity items 
between whole labor strata or v/holo capital strata much less specific 
information is available since quite largo dionges in the variables 
other than tho one by which the stratification is bnsed occur, »?hen 
the changes in average residual product of investment and the average 
residual product of labor are compared between the whole labor strata 
and! whole capital strata the influence of a high return to increases in 
capital is readily apparent, 
^^hen the very large differences in productivity which aro quite 
evident within areas are brought out in the comparison between the 
nine basic cells, it is cleirly evident that the all-farm average 
yields only the vaguest notion of tho general level of productivity of 
all roBOurces between areas and gives no indication of whether one or 
more of the rssouroos aro undervalued or overvalued (i.e., the independent 
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Table46. Montana 19^0, per Farm Group ; 
Groups Stratified by Months of 
Line Item Unit of 
NO. Measurement 
11 12 
1 Number of farms number 32 13 
2 Per cent distribution, of fanas per cent 21.19 8.61 
u Total crop product I 7602 19177 
Total crop product II 7 500 18891 
6 Cropland acres 418 790 
7 Cropland not pasture acres 
8 Pasture land acre's 356 844 
9 Labor on crops months 5el66 6,469 
10 Machine services $ 1792 3295 
11 Crop services - 1 488 1004 
13 Labor on crops years .430 .539 
15 Value of land services $ 1082 2072 
16 Value of land, machine and crop services 3362 637C 
17 Machine investment (new) 14501 22552 
10 Machine investment (present) • $ • 5321 10236 
19 Building and fence investment on crops $ 1247 339C 
20 Land investment $ 21638 4143E 
21 Total investment'on crop resources 28205 55062 
23 Per cent labor on crops per c ent 58.49 45.OE 
2U Value labor on crops $ 1125 146C 
25 Value of all services • $ 4487 785C 
27 Total land acres 774 163^ 
20 Value of land per acre per acre 27c96 25.36 
29 Labor cost per man (wa[-'e rate) ^ per man year 2C14 270e 
30 Return to investment at 5 per cent •ft •ip 1410 2752 
32 Cropland per man acres per man year •972 146 f 
33 Macliine services per man $ per man year 4163 6112 
3U Machine services per crop acre $ per acre 4.28 4.1'i 
35 New mchine investment per man per man year 33687 
36 Present machine investment per man $ per man year 12360 1898G 
37 Total investment per man per man year 0 5522 10214C 
38 Total all capital sei-vicos per man pel* man year 7809 1181^ 
1;0 Product per crop acre $ per acre 18.17 24.26 
Ul Product per man $ per man year 17659 3557' 
U2 Product per machine ser^/ice 0 per $ 4.24 5.82 
U3 Product per all service § per $ 1,694 2.445 
h$ Gross residual product of labor $ 4240 1280' 
I46 Gross residual product of land and labor $ 5322 1487S 
li7. Residual oroduct of investment ft r» ^ rr A "x 1 
a 19?0, Per Farm Group Data for Crop Production, Sample Average and 
Stratified by Months of Labor and Value of Capital Servioesa 
i 
( 
Group 
Labor Labor 
11 12 13 1 • 21 22 23 2 31 32 33 
32 13 6 51 15 23 12 50 4 
t 
14 32 
21.19 8.61 3.97 33.77 9,93 15.23 7o95 33.11 2.65 9.27 21.19 
7602 19177 30324 1322 5 9393 23517 29974 20930 13P43 18363 39252 
7500 188S1 29061 12940 
_ 9342 23182 29746 20605 13710 1B123 38609 
418 790 1166 601 520 951 1325 912 562 870 1767 
3 56 844 4488 966 373 1557 714 1000 211 896 2R51 
6cl66 • 6,469 7.833 5.812 11.627 11.835 12.742 ll.f'90 16e775 20.021 2 5,984 
1792 3295 5289 25B6 , 2006 3756 4855 3494 2251 3778 7482 
488 1004 1317 717 594 1279 1689 1172 651 958 • 2099 
.430 .539 .653 o484 .969 .986 1,062 .999 1.398 1.668 2,16 5 
1082 2072 6067 1921 1036 2311 4775 2520 770 2495 5942 
3362 6370 12672 5224 3635 7345 11319 71B6 3672 ' 7231 15523 
14501 £2552 31890 18599 17347 27909 29190 25048 15738 22217 45217 
5321 10236 16208 7854 5876 12715 . 15630 11363 10188 11736 24709 
1247 3390 2245 1911 2154 3785 5240 3645 2074 8214 10163 
21638 41435 121334 38413 20711. 46216 95492 50390 15400 49896 118831 
28205 55062 139787 48178 28741 62716 116361 65398 27662 69846 153703 
56.49 45.05 33.12 48.50 72.42 62o22 74.55 67o86 77 = 39 75.72 74„51 
1125 1460 1S20 1317 2553 2688 2959 2713 3185 4216 6209 
4487 7830 14592 6541 6188 10034 14278 9899 6857 11447 21732 
774 1634 5654 1567 893 2508 ,?039 • 1912 773 1766 4618 
27.96 25.36 21.46 24.51 23.19 1R.43 46.83 26.35 19.92 2 8.25 25,73 
year 2G14 2708 2941 2719 2635 2726 2787 2715 2278 2 527 2867 
1410 2753 6989 2409 1437 3136 5818 3270 1383 3492 7685 
man year "972 146 6 1786 1241 537 965 12 48 913 402 521 . 816 
year 4163 6112 8101 5340 2070 3808 4572 3497 1610 2264 3455 
4.28 4.17 4.54 4„30 3.86 3.95 3.66 3.83 4.01 4.34 4.23 
year 33687 41835 48849 3S403 17904 28299 2 74 90 2 5069 11257 13316 20882 
year 1?360 18988 24828 16218 6065 12893 14720 11373 72B7 7034 11411 
year 35522 102140 214123 99477 29664 63592 1J9535 65453 1&787 41864 70982 
year 7809 11817 19411 10786 3752 7448 10660 • 7192 2626 4334 7169 
18.17 24.26 ie'.oi 22.00 18.06 n A ryn 1- ^  1 22.G1 no r\ A 24„6G 21.11 
year 17659 35574 46450 27308 9595 
CO 
opz 2 <^1 20S47 i'902 11006 18127 
4.24 5.82 5.73 5.11 4o68 G.2G 0.17- 5.96 6'. 15 1.8C. b.25 
1.694 2.449 2.078 2o022 1.51 P. 2.344 2 .nop 2.104 2.019 1.604 l."06 
4240 12807 17652 8002 5758 16172. 18655 13644 10172 11132 23729 
5322 14879 23718 9922 6794 18483 23430 16163 10942 13627 29670 
41P7 1S419 ?.i vein Rf.OR 1 S7 C)fi ?n47i 1 .'•;4F;n 77fi7 Q41 1 9X4R1 
I 
Group 
Labor Labor Capital Caoital Capital All 
2 31 32 33 3 1 2 3 farms 
50 4 
t 
14 32 50 51 50 50 151 
33.11 2.65 9.27 21.19 00.11 33.77 33.11 33.11 100.00 
20830 13P43 1B363 39252 31370 8618 20946 35954 21752 
20605 13710 18128 38609 30982 8529 20651 35336 21419 
912 562 870 1767 1419 459 837 1589 975 
1000 211 896 2P.51 2092 350 1186 2 53 5 1350 
11.990 16„775 20.021 2 5.984 23.578 7„976 12.732 20.628 12.740 
3494 2251 3778 7482 6027 1891 3642 6588 4026 
1172 651 958 • 209 9 1664 532 1117 1007 1131 
.999 1.398 1.668 •2,16£ 1.P65 .665 1.061 1.719 ] .145 
2520 770 2495 5942 4563 1044 2300 5676 2994 
71B6 3672 7231 15523 122 53 3466 7060 14172 8201 
25048 15738 22217 45217 36419 15435 24923 39771 26635 
li:i63 10188 11736 24709 19915 5866 11796 21510 13010 
3645 2074 B214 10163 8970 1578 4922 8031 4 822 
50390 15400 49896 118831 91255 20876 46003 113530 f 9876 
66398 276 62 69846 153703 120140 28320 62722 143071 77 709 
67 = 86 77c39 75.72 74o51 74o96 66.68 64.02 70. 50 67.64 
2713 3185 4216 6209 • 5412 1712 2810 4922 3133 
9899 6B57 11447 21732 17666 5178 9870 19094 11334 
• 1912 773 1766 4618 3511 009 2073 4124 2325 
26.35 19.92 28.25 25.73 25.99 25.80 22.19 2.7 0 53 25,75 
2715 2278 2 527 2867 2755 ?.575 2648 2863 2736 
3270 1383 3492 '7685 6007 1416 3136 7154 3885 
913 402 521 . 816 722 691 836 924 851 
3497 1610 2264 3455 3067 2845 3433 3833 3516 
3.83 4.01 4.34 4.23 ' 4.25 4.12 4.11 4.15 4.13 
2 5069 11257 13316 20R82 18535 23221 23490 2313B :;326l 
11373 72^7 7034 11411 10136 8825 11118 12513 11362 
65453 19787 41864 70982 61145 -32605 59116 8322 9 ('7866 
7192 2626 4334 7169 6236 5215 6654 8244 7162 
no r« < cir. o ot 2 4 o 6 5 21.11 C4 Ct % Cd 22 .10 18o76 25.62 2 c . 6 5 r. 2.01 
20847 £'902 11006 1^127 15966 12965 IS 711 20915 13996 
5.96 6-. 15 1.06, 5.25 5.21 4o56 5.75 5. <i 6 5.40 
2.10^ 
• 
2.019 1.B04 l."06 1.776 1„664 2.122 1.803 1.919 
13644 10172 11132 23729 19117 5152 13886 21782 13551 
16163 10942 13627 29670 23680' 6196 16186 27458 1S544 
13450 7757 9411 23461 18268 4484 13376 22536 13411 
12B93 9559 imss 21PflS 17fi73 47fln P.n:^ n4 IPfiFP 
J-5 vaJ-iie oi lana services 1082 2072 
16 Value of land, machine and crop sendees 3362 6370 
17 Machine investment (new) 14501 22552 
10 Machine investment (present) • 5321 10236 
19 Building and fence investment on crops $ 1247 3390 
20 Land investment 21638 41435 
21 Total investment'on crop resources 28205 55062 
23 Per cent labor on crops per c ent 58.49 45.05 
2U Value labor on crops $ 1125 1460 
25 Value of all sei'vices 4487 7830 
27 Total laiid acres 774 1634 
20 Value of land per acre $ per acre 27o96 25.36 
29 Labor cost per. man (wa|,'e rate) $ per man year 2G14 2708 
30 Return to investment at 5 per cent •#> 1410 2753 
32 Cropland per man acres per man year •972 146 € 
33 Macliine services per man $ per man year 4163 6112 
3U Machine services per crop acre $ per acre 4.28 4.17 
35 New machine investment per man per luan year 33687 -^1835 
36 Present machine investment per man $ per man year 1?360 18983 
37 Total investment per man 5 per nan year •3 6522 10214C 
38 Total all capital sei'vicos per man pel* man year 7809 11817 
UO Product per crop acre per acre 18.17 24.26 
Ul Product per man $ per man year 17659 35574 
U2 Product per machine ser'/ice •«> per 4.24 5.82 
U3 Product per all service $ per $ 1.694 2.44£ 
U5 Gross residual product of labor $ 4240 12807 
I46 Gross residual product of land and labor $ 5322 1487S 
U7. Residual product of investment $ 4197 1341£ 
UO Residual product of labor $ 3912 12126 
$0 Average gross residual pioduct of labor $ per man year 9850 23757 
51 Average gross residual product of land and labor ® per man year 12363 .2760C 
52 Average residual return on investment per cent 14.88 24.3'/ 
53 Average residual product of labor $ per man year 9098 2i;49'i 
55 Marginal residual product of investment $ 9Z21 
56 Marginal invesianent 26857 
57 Marginal residual product of labor $ 
58 Marginal labor quantity- man years 
60 Average marginal residual return on investment per cent 34.3< 61 Average marginal residual product of labor $ per man year 
63 Predicted product II fp 7779 1562] 
65 Marginal product of land II $ per acre 9 c 56 9.9J 
66 Marginal product of labor II $ per month 59.33 95.1< 67 Marginal product o'f machine-crop services II $ per 1.98 2oi; 
69 Group range of labor months 
70 Group range of all capital services $ ' 
For a detailed description of the organization of the table and specific definiti 
iuas aufa boer 1921 1036 2311 4775 2520 770 2495 
3362 6370 12672 5224 3635 7345 11319 7186 3672 7231 1 
14501 22552 31890 18599 17347 27 909 29190 25048 1E738 22217 4 
5321 10236 16208 7854 5876 12715 . 15630 11363 101R8 11736 2 
1247 3390 2245 1911 2154 3785 5240 3645 2074 8214 1 
21638 41435 121334 38413 20711. 46216 9E492 50390 15400 49896 11 
2B205 55062 139787 46178 28741 62716 116361 65398 27662 69846 15 
ent 50.49 45.05 33.12 48.50 72.42 62.22 74.55 67„86 77e39 75.72 7 
1125 1460 1920 1317 2 553 2688 2959 2713 3185 4216 1 4487 7830 14592 6541 6188 10034 14278 9899 6857 11447 2 
acre 
774 1634 5654 1567 893 2 508 2039 • 1912 773 1766 
27.96 25.36 21.46 24.51 23.19 18,43 46.03 26.35 19.92 2R.25 2 man year 2G14 2708 2 941 2719 2635 2726 2787 2715 2278 2 527 
1410 2753 6989 2409 1437 3136 5818 3270 1383 5492 
per man year 
'972 146 6 1786 1241 537 965 1248 913 402 521 
man year 4163 6112 8101 5340 2070 3808 4572 3497 IPIO 2264 
acre 4.28 4.17 4.54 4„30 3.86 3.95 3.66 3,83 4.01 4,34 
man year 33687 -JIBSS 48849. 33403 17904 28299 27*490 2 6069 11257 13316 2 
man year 12360 18988 24828* 16218 6065 12 893 14720 11373 72S7 7034 1 
man year 35522 102140 214123 G9477 29664 63592 1095^5 65453 15787 41864 7 
man year 7809 11817 19411 10786 i75Z 7448 10660 • 7192 2626 4334 
acre 18.17 24.26 26^01 22.00 18,06 n A nn ti t 22.G1 no r> A cr. e C*± 2 4 o 6 5 21.11 c man year 
,17659 35574 46450 27308 9695 •2304« 2 n r, 2 20847 i'902 11006 ] 
if 4.24 5.82 5.73 5,11 4o68 G ,2G •;..17- 5. SB 6-. 15 i . o e .  
1.694 2.449 2.078 2 c 022 1.51 P. 2.344 2.n9P 2.1 04 2.019 l.«04 1 
4240 12807 17652 8002 5758 16172 18655 13644 10172 11132 2 
5322 14879 23718 9922 6794 18483 ' 23430 16163 • 10942 13627 2 
4197 13419 21798 8C05 4241 16795 20471 13450 7757 9411 2 
3912 12126 16729 7513 5357 153.47 17612 12893 9559 10135 2 
man year 9850 23757 27 039 . 1GG21 5944 16398 17569 13655 7276 6672 1 man year 1?363 .27600 36331 20487 7012 18741 22065 16177 7827 8168 1 ent 14.88 24.37 15,59 17,86 14.76 26,18 17.59 20.57 28.04 13.47 1 man year 9098 22497 25619 15523 5528 15565 16584 12906 6838 6076 1 
9222 8379 - 11544 4676 1654 1 
26857 84725 33975 53645 42184 8 
ears 
1445 3221 883 5380 4202 -5212 
.539 ,447 .409 .515 .429 .682 1 
fent 34.34 9.89 34.01 8.72 3.92 1 man year 2681 7206 2159 10447 9795 -7642 
• 
7779 15621 24570 9672 19249 26558 10879 18138 •3 
acre 9 oS6 9.95 10.60 9.36 10.19 10o09 9.74 10,49 ] montli 59.33 95.14 123.59 . 32,77 64,08 82 ,12 25,55 35.69 P V  
tf- 1,98 2„11 2.16 2.16 2,22 2.36 2.18 2,22 
s 9 (l.d-9oO ( 9,25-15.2 5) 
i table and specific definition of items see appendix. 
•i 1 lO iitiao 770 2495 5942 4563 1044 2300 5676 2994 
11319 71B6 3672 7231 1552S 12253 3466 7060 14172 8201 
29190 2 5048 15738 22217 45217 36419 15435 24923 39771 26635 
. 15630 11363 10188 11736 24709 19915 5866 11796 21510 ]3010 
5240 3645 2074 8214 10163 8970 1578 4922 8031 4 822 
95492 50390 15400 49896 118831 91255 20876 46003 113530 E&876 
116361 65308 27662 69846 153703 120140 28320 62722 143071 77 709 
74.55 67„86 77.39 75.72 74.51 74o96 66.68 64.02 70.50 £7.64 
2959 2713 3185 4216 6209 • 5412 1712 2810 4922 3133 
14278 9899 6P57 11447 21732 17666 5178 9870 19094 11334 
2039 • 1912 773 1766 4618 3511 009 2073 4124 2325 
^6.83 26.35 19.92 2B.25 25.73 25.99 25.80 22.19 27o53 J.5,75 
2787 2715 2278 2 527 2867 2755 2 575 2648 2863 2736 
5818 3270 1383 3492 7685 6007 1416 3136 7154 3885 
1248 913 402 521 , 816 722 691 836 924 851 
4572 3497 1610 2264 • 3455 3067 2845 3433 3833 3516 
3 .66 3.83 4.01 4.34 4.23 4.25 4.12 4.11 4.15 4.13 
27"490 2 5069 11257 13316 20882 18535 23221 23490 23136 ;;526i 
14720 11373 7297 7034 11411 10136 8825 11118 12513 11362 
1095S5 65453 1&787 41864 70982 61145 ^2605 59116 8322 9 (-•7866 
10660 7192 2626 4334 7169 6236 5215 6654 8244 71b2 
22.Gl on 4 oOl: 2 o 6 5 21.11 <w H 22.10 18, 76 CJ «(> (T* cL .CO i d . >')1 
2Pj^v;r, 20 <54 7 . V90Z llOOG in 12 7 15966 12965 t
—
1 
20915 13996 
^^.17- 5.96 6'. 15 l.OG, b .25 5.21 4,56 5.75 5.4 6 £.40 
2 .OQC" 2.019 1 .^04 l."0« 1.776 1„S64 2.122 1.883 1.919 
18655 13644 10172 11132 23729 19117 5152 13886 21782 13551-
23430 16163 10942 13627 29670 23680' 6196 16186 27458 16544 
20471 13450 7757 9411 23461 18268 4484 13376 22536 13411 
17612 12893 9559 10135 21985 17673 4780 13050 20304 12659 
17569 13655 7276 6672 10958 9730 7751 13088 12671 11834 
22065 16177 7827 8168 13702 12052 9321 15256 15973 14449 
.17.59 20.57 28.04 13.47 15.26 15.21 15.83 21.33 15.75 17.26 
16584 12906 6838 6076 10155 8994 7188 12300 11812 11056 
4676 1654 14050 8892 9160 
53645 
- 42184 83857 34402 80349 
883 5380 4202 -5212 4373 4780 
.409 .515 .429 .682 1.103 .966 
8.72 3.92 16.75 2 5". 85 11.40 
2159 10447 9795 -7642 3965 4948 
26558 10879 18138 39391 19994 
10„09 9.74 10.49 11.22 10.32 
32.12 25,55 35.69 59.73 57.33 
2.36 2.18 2.22 2.39 2.23 
(9.25-15.25) (iPi.4-126.0) 
(984- (5181- (9678-
5149) 9161) 44798) 
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Table 47. North Iowa 1950, Pej 
Sample Average and Groups Stratified by 
Line Item Unit of 
No. Measurement 
11 12 
1 Number of farms number 21 
2 Per cent distribution of fams per cent 14 c 79 14, 
k Total crop product-I $ 5426 7; 
Total crop product II ' 5160 7( 
6 C ropland acres 111.2 15i 
7 Cropland not pasture acres 106.9 15: 
8 Pasture land acres 21.5 li 
9 Labor on crops months 5.624 6.! 
10. Machine services $ 1120 1; 
11 Crop services 291 1 
13 Labor on crops years .469 1 • " 
15 Value of land services $ 1224 1! 
16 Value of land, machine and crop services 2635 • 31 
17 Machine investment (new) $ 7699 81 
10 Machine investment (present) 3905 4; 
19 Building and fence investment on crops $ 
20 Land investment 24480 39' 
21 Total investrp.ent on crop resources «> 2B3R5 441 
23 Per cent labor on crops per cent 4O0I8 50 
2k Value labor on crops e • 1107 1; 
• 25 Value of all services 3743 5 
27 Total land acres 132.7 17 
28 Valiie of land per acre $ per acre 184.48 221 
29 Labor cost per man (wage rate) ^ per man year 2363 2 
30 Return to investment at 5 per cent 1419 2; 
32 Cropland per inan acres per man year 237 ] 
33 Machine services pur man $ per man year 2391 2. 
3k Machine services per crop acre $ per acre 10.07 8 
35 New nachine investment per man $ per man year 16428 16 
36 Present machine investment per man $ per man year 8333 7 
37 Total investment per man 5 per nan year 60566 ei 
36 Total all capital sei^ices per man •V per mail year 5623 T 
ItO Product per crop acre 0 per acre 48o7B 46 
Ul Product per man $ per man year 11577 13 
U2 Product per machine ser'.'-ice sP per J) 4.84 5 
U3 Product per all service $ per $ • 1.450 1. 
U5 Gross residual product of labor $ 2790 3 J46 Gross residual product of land and labor $ 4014 5 
U7 Residual product of investment $ 2907 4 
. U8 Residual product of labor 2595 3 
. North Iowa 19^0, Per Farm Group Data Tor Crop Production 
i Groups Stratified by Months of Labor and Value of Capital Seinrices^ 
;nt Group 
Labor 
* 
Labor 
11 12 13 1 21 22 23 2 31 32 33 
. 21 20 7 48 16 17 14 47 11 10 26 
14„79 14„08 4.93 33.80 11.27 11.97 9.P5 , 33,10 7,75 7,04 18,31 
5426 7388 12047 - 7209 6302 7897 12773 8806 5419 7589 1455f 
• 5160 7020 11552 6667 6090 7463 12230 8415 5107 7102 1391E 
111,2 159,5 221.1 147.4 132.5 160.9 246.2 176.6 114,7 153.4 266.C 
106.9 151.4 196.4 138.5 124.8 152.0 237.7 168.3 108.6 144.8 248.!; 
21.5 19.8 4.4 18.3 13.0 37,9 31c3 27.5 27.7 27.3 36.2 
5.624 6.525 6.271 6.094 6.706 S.129 8,979 8,940 13.091 12,870 13.692 
1120 1308 1686 1281 1053 1488 2323 1589 1053 1659 240i 
291 538 884 480 344 453 931 559 329 416 92C 
.469 .543 .523 .508 ,726 ,761 .748 .745 1,090 1.072 1.14; 
1224 1987 3161 1824 1318 1872 3141 2061 1047 1702 368f 
2635 3833 5730 3586 2715 3814 6395 4209 2428 3777 "7011 
7699 8891 11311 8723 764.5 10618 15133 10951 7447 11482 1628: 
3905 4299 6741 4483 3435 5140 8524 5567 3248 5954 8801 
24480 39731 63214 36483 26362 37447 62811 41229 20931 34040 73761 
283B5 44030 69955 40966 29798 42587 713S5 4 6796 2417G 39994 8257 
40,18 50.48 38.54 43.90 62.49 52,82 44.^8 52.74 70.80 62.23 57.3 
1107 1298 1260 1209 1682 1795 16S3 1724 2452 2408 250; 
3743 5131 6990 4794 4397 5609 8008 5932 4881 6185 951 
132.7 179.3 225.5 165.7 145,5 198.8 277.5 204.1 142.4 180,7 302. 
re 184.48 221,59 280.33 220.18 181.18 180.37 226,35 202.00 146.99 188,38 244.0 
11 year 2363 2390 24n 2380 2318 2359 . 2263 2314 2248 2246 219 
1419 2202 3498 2048 1490 2129 3567 2340 1209 2000 412 
r man year 237 294 423 290 183 211 320 237 105 143 cIo 
n year 2391 2410 3226 2523 1151 19 56 3105 2132 965 1547 210 
re 10.07 8,20 7.62 8.69 7,95 9.25 9.44 8.99 9.18 10.81 9.0 
n year 16428 16379 21644 17177 10538 13957 20225 14698 6827 10706 1427 
n year 8333 7919 12900 8820 4735 6756 11392 7473 2377 5552 772 
n year 60566 81109 133867 80672 41.072 55979 96341 62810 22164 37291 7236 
a year 5623 7061 10966 7061 3743 5013 8546 5649 2226 5522 614 
re 48o78 46.32 54.47 43.91 47,56 19,08 61. CS -19,86 47 , 23 49.4 7 54,7 
n year 11577 13609 23053 14196 8686 10380 17072 11820 4967 7076 127 J 
4.84 5.65 7.15 5.63 5,99 5.31 5„50 5.54 5,15 4,57 6.C 
1.450 1.440 1.723 l.SO'l 1,433 l.-iOP 1.579 l.-iB-l 1.110 1.227 1.52 
2790 3565 6316 3623 3587 4083 6379 4598 2990 3312 754 
4014 5541 9477 5447 4905 5959 9519 6659 4037 5514 112J 
2907 42.^3 8217 4238 3223 4164 VB26 4935 1585 3106 872 
2595 3339 5979 3399 3415 3830 5952 4319 2828 5514 70f 
Group 
Labor Labor Capital Caoi ta 1 Caoital All 
2 31 32 33 3 1 2 3 rms 
47 11 10 26 47 48 47 47 142 
33.10 7 >,75 7.04 18.31 33.10 33,80 33.10 33.10 , ICO.00 
8806 5419 7589 14555 10954 5716 7615 • 13650 8971 
8415 5107 7102 13919 10406 5458 7197 13063 8551 
176.6 114.7 153.4 266,0 206.6 119.1 158.7 253.4 176.7 
168.3 108.6 144.8 248.5 193.7 113.2 150.3 237.5 166,6 
27.6 27.7 27.3 36.2 32.3 2 0.1 2S.0 30.0 26.0 
8,940 13.091 12.870 13.692 13.377 B.362 8.817 11.183 9.446 
1589 1053 1659 2407 1931 1082 1448 2274 1598 
559 329 416 920 674 • 318 481 918 570 
.745 1.090 1.072 1.141 1.115 .697 .735 .932 .787 
2061 1047 1702 3 688 2647 1215 1885 3446 2175 
4209 242B 3777 7015 5252 2615 3814 6639 4344 
10951 7447 11482 16282 13193 7624 10067 15199 10940 
5567 3248 5954 8808 6900 3598 4955 8416 5642 
41229 20931 34040 73763 52946 24294 37694 68930 43503 
46796 24179 39994 82571 59846 27892 42649 77345 49145 
52.74 70.80 62.23 57.37 61.00 55.74 54.59 51.81 53.79 
1724 2452 2408 2502 2468 1614 1717 2084 1803 
5S32 4881 6185 9517 7721 4229 5532 8723 6147 
204.1 142.4 180.7 302.2 238.9 139.2 136.7 283.4 202.7 
202.00 146.99 188.38 244.09 221.62' 174.53 201.00 2'J 3.23 21-^, .G2 
2314 2248 2246 2193 2214 2317 2337 2237 2290 
2340 1209 2000 4129 2992 1395 2132 3*^67 2457 
237 105 143 '•) 'Z 7 CJ O O 185 171 216 272 224 
2132 965 1547 2109 1732 1553 1971 2441 2030 
8.99 9.18 10.81 9.05 9.34 9.09 9.12 8.98 9.04 
14698 6827 10706 14270, 11836 10940 13701 16310 13897 
7473 2377 5552 7720 6190 5163 6744 9031 .7167 
62810 22164 57291 72365 53687 40025 58046 82996 62430 
5649 2226 a522 6140 4712 3752 5191 7124 5518 
<I9oS6 47.23 49.47 54.72 52.92 47.99 47.98 52.57 50.78 
11820 ' 4967 7076 12756 9809 82 03 10364 14648 11396 
5.54 5.15 4.57 6.05 5o66 5.28 5.26 6.no 5.61 
1.^84 1.110 1.227 1.529 1.416 1.352 1.377 1.565 1.459 
4598 2990 3312 7540 5682 3102 3801 7C12 4627 
6659 4037 5514 11228 8329 4316 5685 10458 6802 
4935 1585 3106 8726 5861 2702 3966 BS74 4999 
4 319 2828 3514 7099 5337 2921 3553 6591 4345 
J.0 wacnine inves"oment ^.present; 3905 42S 
19 Building and fence investment on crops 
20 Land investment $ 24480 3972 
21 Total investrn.ent on crop resources Z 283R5 440J 
23 Per cent labor on crops per cent 40.18 50.< 
2u Value labor on crops e • 1107 i Z i  
25 Value of all services $ 3743 512 
27 Total land acres 132.7 179. 
28 Value of land per acre ^ per acre 184.48 221. f. 
29 Labor cost per man (wa^^e rate) $ per man year 2363 23C 
30 Return to investment at 5 per cent ft •iP 141S 22C 
32 Cropland per man acres per man year 237 2f 
33 Machine services pur man per nan year 2391 24] 
3u Machine services per crop acre $ per acre 10.07 8o2 
35 New machine investment per nan per man year 16428 163^ 
36 Present machine investment per man $ per man year 8333 79] 
37 Total investment per man •2 per man year 60566 811C 
38 Total all capital sex'vicotj per man pel' man year 5623 7oe 
UO Pi'oduct per crop acre ip per acre 48o7a 46.1 
hi Product per man $ per nan year 11577 136( 
k2 Product per machine ser^/ice 0 per $ • 4. 84 5.f 
u3 Product per all service $ per $ 1.450 1.4-
Gross residual product of labor $ 27 90 351 
1^ 6 Gross residual product of land and labor $ 4014 55-
u7 Residual product of investment $ 2907 4E. 
u8 Residual product of labor $ 2595 331 
50 Average gross"residual product of labor $ per man year 59 54 -65. 
51 Average gross residual product of land and labor $ per man year 8566 102( 
52 Average residvxal return on investment per cent 10.24 9c 
53 Average residual product of labor $ per man year 56o3 CI' 
55 Marginal residual product of investment 13: 
56 Marginal investment 186. 
57 Marginal residual product of labor $ 
58 Marginal labor quantity man years 
60 Average marginal residual return on investment per cent 8o 
61 Average marginal residual product of labor $ per man year 
63 Predicted product II $ 5010 72 
65 Marginal product of land II $ per acre 42o76 43. 
66 Marginal product of labor II 1 per month 67.35 84» 
67 Marginal product of machine-crop services II ^ per $ .586 .6 
69 Group range of labor months 
70 Group range of all capital services $ 
^ For a detailed description of the organization of the table and,, specific definit 
3905 4299 6741 4483 3435 5140 8524 5567 3248 5954 8808 
24480 39731 63214 36483 26362 37447 62811 41229 20931 34040 73763 
283R5 44030 69955 40966 29798 42587 713S5 4 6796 24179 39994 82571 
40,18 50.48 38.54 43.90 62.49 52.82 44. R8 52.74 70.80 62.23 57.37 
1107 1298 1260 1209 1682 1795 1693 1724 2452 2408 2502 
3743 5131 6990 4794 4397 5609 8088 5932 4881 6185 9517 
132.7 179.3 225.5 165.7 145.5 198.8 277.5 204.1 142.4 180.7 302.2 
184.48 221.59 280.33 220.18 181.18 188.37 226.35 202.00 146.99 138.38 244.09 
sar 2363 2390 2411 2330 2318 2359 2263 2314 2248 2246 2193 
1419 2202 3498 2048 1490 2129 35C7 2340 1209 2000 4129 
an year 237 294 423 290 183 211 329 237 105 143 233 
sar 2391 2410 3226 2523 1451 1956 3105 2132 965 1547 2109 
10.07 8c20 7.62 8.69 7.95 9.25 9.44 8.99 9.18 10.81 9.05 
sar 16428 16379 21644 17177 10538 13957 20225 14698 6827 10706 14270, Bar 8333 7919 12900 882 8 4735 6756 11392 7473 2377 5552 7720 
sar 60566 81109 133867 80672 41072 55979 95341 62810 22164 37291 72365 
sur 5623 7061 10966 7061 3743 5013 8546 5349 2226 6522 6148 
48,78 46.32 54.47 48.91 47,56 49,08 51.38 49,86 47.23 49.4 7 54.72 Bar 11577 13609 23053 14196 8686 10380 17072 11820 4967 7076 12756 
4.84 5.65 7.15 5.63 5.99 5.31 5.50 5.54 5,15 4,57 6.05 
1.450 1.440 1.723 1. sol­ 1.433 l.-^On 1.F79 1.^84 1.110 1.227 1.529 
2790 3555 6316 ves 3 3587 4083 627S 4598 2990 3012 7540 
4014 5541 9477 5447 4905 5959 9519 6659 4037 5514 11228 
2907 42^13 8217 4238 3223 4164 7826 4935 1505 3106 872 6 
2595 3339 5979 3399 3415 3B30 5952 4319 2628. 3514 7099 
Bar 5954 6548 12087 7135 4944 5367 8525 5171 2741 3554 6608 
sar 8566 10208 18135 10727 6761 7028 12723 8958 3700 5141 9840 
sar 
10.24 9„64 11.75 10.35 10.82 9.78 10.97 10.55 6.56 7.77 10.57 
5&o3 G149 11432 6691 4704 5033 7957 5797 2594 3278 6222 
1336 3974 941 3662 1521 5620 
15645 25925 12789 2874 8 15815 42577, 
820 491 -27 920 -587 -316 1147 
.257 .218 .225 .237 .3 64 .311 .3&'3 
sar 
8o54 15.33 7.36 12.74 9.62 •13.20 
3191 2252 -120 3882 -1613 -1016 2919 
5010 7273 9710 5952 7551 12348 5398 7496 13323 
42 ,,76 43.83 45 oil 43.51 45.33 47.40 45.35 47,23 48.92 
67.35 84«27 117o06 51.69 62.53 103.97 31.17 44.03 73.56 
.585 .649 .622 .702 .640 .625 
• 
.643 .595 .660 
-
(l.0-7e8) (7.9-10.0 ) 1 
and specific definition of items see appendix. 
1 5667 3248 5954 8808 
 ^ J. 1/ w 
6900 
f V'l- T 
3598 
1 
4956 8416 
aup'iu 
5642 
L 41229 20931 34040 73763 52946 24294 37694 68930 43503 
5 4 6796 24175 39994 82571 59846 27892 42649 77345 4 9145 
3 62,74 70.80 62.23 57.37 61.00 55.74 54.59 51.81 53.79 
5 1724 2452 2408 2502 2468 1614 1717 2084 1803 
3 5932 4881 6185 9517 7721 4229 5532 8723 6147 
5 204.1 142.4 180.7 302.2 238.9 139.2 186.7 283.4 202.7 
3 202,00 146.99 138.38' 244.09 221,62 174.63 201.90 243.23 214.C2 
5 2314 2248 . 2246 2193 2214 2317 2337 2237 2290 
1 2340 1209 2000 4129 2992 1395 2132 3 •^(,•7 2457 
) 237 105 143  ^*7 o O 185 171 216 272 224 
5 2132 965 1547 2109 1732 1553 1971 2441 2030 
t 8.99 9.18 10.81 9.05 9.34 9.09 9,12 8.98 9.04 
5 14698 • 6827 10706 14270, 11836 10940 13701 16310 13897 
3 7473 2377 5552 7720 6190 5163 6744 9031 .7167 
L 62810 22164 37291 72365 53687 40025 58046 82996 62430 
3 5649 2226 3522 6140 4712 3752 5191 7124 5518 
3 49„86 47.23 49.4 7 54.72 52.92 47.99 /I 7 OP. 
- • • W- V 53.87 50.78 
3 11820 4967 7076 12756 9809 82 03 103'3 4 14648 11396 
3 5.54 5 as 4.57 6,05 5o6Q 5,28 B.26 6.no 5.61 
3 1.^04 1.110 1.227 - 1.529 1.416 1.352 1.377 1.565 1.459 
9 4C98 2990 3912 7540 5682 3102 3801 7C12 4627 
3 6659 4037 5514 11228 8329 4316 6685 10458 6802 
S 4935 1585 3106 872 6 5861 2702 3968 83 74 4999 
3 4519 2828 5514 7099 5537 2921 3553 6591 4345 
5 5171 2741 3554 6608 5097 4451 5173 7524 5878 
5 3938 3700 5141 9840 7472 6]94 7738 11222 8641 
7 10.55 6.56 7.77 10.57 S.79 £.69 9,30 lOoBS 10.17 
r 5797 2594 3278 6222 4787 4191 4834 7072 5521 
3 1521 5620 1266 4 406 
3 15815 42577 14757 34t"96 
7 920 -587 -316 1147 1018 
5 .237 • .364 .311 .393 .370 
I 9.62 -13.20 8.58 12.70 
3 3882 -1613 -1016 2919 2751 
3 5398 7496 13323 8363 
D 45.35 47o23 48,92 45.91 
7 31.17 44.03 73.56 67.09 j 
• 
.643 .595 .660 .637 
(7.9-10.0) ( 10.0-23o0 ) 
[(1307- (3320- (4639-
-
3306) 4377) 12521) 
NOTE TO USERS 
Oversize maps and charts are microfilmed in sections in tlie 
following manner: 
LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL 
OVERLAPS 
This reproduction is the best copy available. 
UMI" 

176 
Table48. South Iowa 19^0, Pe 
Sample Average and Groups Stratified by 
Line Item Unit of 
No. Measurement 
11 12 
1 Number of farms number 28 1< 
2 Per cent distribution of fanns per cent 19,58 9.7< 
u Total crop product I 0 2474 4191 
Total crop product II $ 2092 38o: 
6 Cropland acres 62.6 115.: 
7 Cropland not pasture acres 56.8 107.1 
8 Pasture land acres 56.3 87. 
9 • Labor on crops months 5.2] 8 5.52 
10 Machine services $ 481 77 
11 Crop services 152 26 
13 Labor on crops years .435 .46 
15 Value of land services • $ 364 113 
16 Value of land, machine and crop services $ fj97 21£ 
17 Machine investment (new) $ 3971 637 
18 Machine investment (present) • 1677 337 
19 Building and fence investment on crops $ 
20 Land investment 7278 22 
21 Total investment on crop resources 8955 26 Of 
.23 Per cent labor on crops per cent 44.17 44. i 
2k Value labor on crops $ 1088 11: 
25 Value of all services $ 2085 321 
27 Total land acres 3327 20: 
28 Value of land per acre $ per acre 61.25 112. 
29 Labor cost per man (wage rate) per man year 2502 24; 
30 Return to investment at 5 per cent $ 448 13! 
32 Cropland per man acres per man year 144 2 
33 Machine services per man .$ per man year 1107 16 
3k Machine services per crop acre $ per acre 7.69 6. 
35 New nachine investment per man $ per man year 9132 138 
36 Present machine investment per man $ per man year 3058 73 
37 Total investment per man ^ per man year 20595 565 
36 Total all capital services per man per man year 2292 47 
UO Product per crop acre $ per acre 39,03. 36. 
Ul Product per man $ per man year cRon • 91 
U2 Product per machine service ^ per 5, 5.14 5, 
U3 Product per all service $ per $ 1.187 lo?  
U5 Gross residual product of labor $ 1477 2C 
146 Gross residual product of land and labor $ 1841 3] 
U7 Residual product of investment $ 753 2( 
),R Rfl.qidiial nrodnct of labor & 1393 1! 
uth Iowa 19^0, Per Farm Group Data for Crop Production 
ups Stratified by Months of Labor and Value of Capital Services^ 
Group 
Labor Labor Lat 
11 12 13 1 21 22 23 2 31 32 33 3 
28 14 6 48 15 21 12 48 5 13 29 
19,58 9.79 4.20 33.57 10.49 14.68 8.39 33.57 3.56 9.09 20.28 32. 
2474 4196 7464 3600 2848 4853 7433 4871 2545 5269 9178 72 
2092 3802 6690 3165 ' 2485 4410 6963 4447 2290 4490 8551 6"; 
62.6 115,1 171.5 91.5 80.4 119.6 167,2 119.2 58,8 123.3 193.2 15J 
56.8 107.9 164„0 85.1 74.5 lllo5 151 „5 109.9 56,6 122.1 179.4 15( 
56,3 87.4 74.7 67.6 65.7 71.2 49.5 64.0 55„6 81.7 84.9 8( 
5.218 5.529 5.417 5.333 8.007 7.648 7.792 7.796 12,260 12.581 13.541 13.: 
> 
-181 770 1671 714 62 8 1111 1408 1034 461 1057 1700 i: 
152 261 870 273 171 316 594 340 189 302 674 1 
.435 .461 .451 .444 .667 .637 .649 .650 1.022 1,048 1.128 i.( 
364 1135 1799 768 380 727 1694 860 440 771 1730 i: 
597 2166 4339 1755 1178 2154 3696 2234 1090 2130 4105 3: 
3971 6378 9707 5390 4214 8116 10298 7442 4120 7722 11379 9 
1677 3372 4625 2540 2051 4269 5095 3782 3520 3169 5879 4 
7278 22697 35977 15362 7591 14540 33878 17203 R800 15422 34606 2C 
8955 26069 40602 17903 9642 18809 3 89 73 20985 10320 18590 40486 31 
44.17 44.95 41.51 43.47 54.27 51.56 57,50 53.81 60.69 61.23 Er'.7S 60 
1088 • 1122 1110 1086 1573 1542 1703 1590 2336 2317 2460 2 
2085 3288 5449 2842 2751 3696 5399 382 4 3426 4447 6565 5 
\ 
/ 3327 2834 1477 7638 2191 4006 2601 8798 572 2665 8065 11 
61.25 112,12 .146.15 96.54 51.97 76.22 156.30 93.86 76.92 75.23 124.44 110 1 2502 2435 * 2459 2444 2 358 2420 2322 2448 2287 2210 2180 2 
448 1303 2CB0 395 482 340 1949 1049 516 930 2024 1 
lar 144 2 50 380 206 121 188 258 184 58 118 171 
1107 1670 3701 1G06 941 . 1743 2168 1592 451 1008 1507 1 
7.69 6.69 9.74 7.80 7.81 9.29 8.42 8„67 7.84 8.57 8.80 C3 
9132 13844 21508 12128 6315 12735 15859 11455 4033 7365 10084 fi 
3858 7319 10247 5715 3075 6698 7846 5822 1488 3023 5210 < 
20595 56584 8S959 40282 14451 2 9514 60020 32303 10102 17732 35877 2E 
2292 4701 9614 3350 1766 337S ijo92 3439 1U67 iiO'6'd 3633 2 
39.53., 36,47 43.52 39,54 35 = 42 40.59 44,44 40.85 43,28 i2.7Z 47.49 4( 
< 5689 ' 0109 T c 1 7 J. wj i/o / 3100 4263 7615 11447 7498 2491 b025 8133 e 
• 5.14 5,45 4.47 5.04 4.53 4.37 5.28 4.71 5o52 4.98 5.40 r t 
1.187 1.276 lc370 • 1.267 1.035 1.313 1.377 1.274 ,743 1.185 1,398 1. 
1477 2031 3125 1844 1670 2699 3737 2 637 1454 3138 5072 d 
1841 3166 4S24 2613 . 2049 3426 5431 3497 1894 '3909 6803 t S 
753 2044 3814 1527 476 1884 3728 1907 -442 1592 4343 \ 
. 1393 1863 2894 1718 1567 2486 3482 2448 1378 2979 4779 < 
ces^ 
Group 
Labor Labor Capital Capital Capital All 
2 31 32 33 3 1 2 3 farms 
48 5 13 29 47 48 48 47 143 
33.57 3.56 9.09 20.28 32.87 33.57 33.57 32.87 100.0 
4871 2545 5269 9178 • 7391 2598 4774 8513 5273 
4447 2290 4490 8551 6762 2235 4254 7908 4777 
119.2 58. B 123.3 • 193.2 159„6 67.7 119.3 183.8 123.2 
109.9 56.6 122.1 179.4 150.5 62.3 113.3 170.4 114.9 
64.0 55o6 81.7 84.9 80.9 59 a 78.7 74,5 70.8 
7.796 12.260 12.581 13.541 13.139 6.823 8.366 11.036 8.726 
1034 461 1057 1700 1390 525 997 1622 1044 
340 189 302 674 520 161 296 679 377 
.650 1.022 1.048 1.128 1.095 .569 .697 .920 .727 
060 440 771 1730 1328 377 858 1730 983 
2234 1090 2130 4105 3238 1063 2151 4030 2403 
7442 4120 7722 11379 9595 4062 7502 10890 7461 
3782 ]520 3169 5879 4666 1778 3709 f;5i9 3656 
17203 88 00 15422 fj4606 20554 7534 17153 34595 19659 
20985 10320 18590 40486 31220 9312 20867 401] 4 r,3315 
53.81 60.69 61.23 5 P. 78 60.25 49.57 53.48 57.74 54.03 
1590 . 2336 2317 2460 2407 1360 1637 2101 1699 
3824 3426 4447 G565 5645 2423 3788 6131 4102 
8798 572 2665 8065 11302 6090 9505 12143 27738 
93.86 76.92 75.23 124.44 110.43 59.38 B6.65 133.90 101.35 
' 2448 2287 2210 2180 2198 2392 2349 • 2284 2336 
1049 516 930 2024 1561 466 1043 2006 1166 
184 58 118 171 • 146 119 171 200 169 
1592 451 1008 1507 1270 S23 1430 1763 1436 
8,67 7.84 8.57 8.80 B.71 7.75 R.36 8.G3 8.47 
11455 4053 7365 10084 8763 7145 10762 11841 10261 
- 5822 1408 3023 5210 4261 5127 5321 6001 5028 
32303 10102 17732 35877 28513 16378 29933 43618 32064 
3439 1U67 2032 3bo8 2957 1870 3085 4382 3305 
40.85 43.28 42.73 47.49 46.31 36.35 40<,03 46.31 42.80 
7498 ^491 5025 8133 6750 4569 6848 9257 7251 
4.71 5.52 4.98 5.40 5o32 ^,95 4.79 5.25 5.05 
1 
1.274 .743 1.185 lo598 lo309 1.072 1.260 1.388 1.285 
2 637 1454 3138 5072 4153 1535 2623 4483 2869 
3497 1894 '3909 6803 5480 1911 3481 62i:$ 385? 
1907 -442 1592 4343 3073 551 1844 4112 215S 
2448 1378 2979 4779 3919 1445 2438 4207 26oe 
15" Value of land services $ 364 1155 
16 Value of land, machine and crop sei*vices &97 2166 
17 Machine investment (new) % 3971 6378 
10 Machine investment (present) • %  1677 3372 
19 Building and fence investment on crops % 
20 Land investment % 7278 22697 
21 Total investment on crop resouixies % 8955 2606S 
23 Per cent labor on crops per cent 44.17 44. 9e 
2k Value labor on crops e 1088 1122 
25 Value of all services 2085 328£ 
27 Total land acres 5327 203'' 
28 Value of land per acre $ per acre 61.25 112,12 
29 Labor cost per man (wage rate) ^ per man year 2502 243J 
30 Return to investment at' 5 per cent % 44 R 130; 
32 Cropland per man acres per man year 144 2 5( 
33 Machine services per man $ per man year 1107 167( 
3U Machine services per crop acre $ per acre 7.69 6.6< 
35 New nachine investment per man $ per man year 9132 1384' 
36 Present machine investment per man $ per man year 3R58 731 
yi Total investment per man 5 per nan year 20595 5658-
38 Total all capital services per man per man year 2292 470 
UO Product per crop acre per acre 39,53- 36.4 
Ul • Product per man ^ per man year 5689 •  n i  n  
U2 Product per machine ser'/ice psr 5.14 5„4 
U3 Product per all service $ per $ 1,187 1.27 
Gross residual product of labor $ 1477 203 
i46 Gross residual product of land and labor $ 1841 316 
U7 Residual product of investment $ 753 204 
ii8 Residual product of labor $ 1393 186 
50 Average gross residual product of labor ^ per man year 3397 440 
51 Average gross residual product of land and labor jj; per man year 4233 687 
52 Average residual return on investment per cent 8o41 7,a 
53 Average residual product of labor $ per man year 3202 404 
55 Marginal residual product of investment 12 g 
56 Marginal investment $ 171] 
57 Marginal residual product of labor 
58 Marginal labor quantity man years 
60 Average marginal residual return on investment per cent 7„J 
61 Average marginal residual product of labor $ per man year 
63 Predicted product II 2047 59{ 
65 Marginal product of land II $ per acre 29.01 29,' 
66 Marginal product of labor II $ per month 11,31 20, 
67 Marginal product of machine-crop services II $ per $ .924 1.0 
69 Group range of labor months 
70 Group raiige of all capital'services 
® For a detailed description of the organization of the table and specific definit: 
OO-i- X / C75; / WO JL V *X n-xv • o. JL < W V .L V 
&97 2166 4339 1755 1178 2154 3696 2234 1090 2130 4105 32 
3971 6378 9707 5390 4214 8116 10298 7442 4120 7722 11379 95 
1677 3372 4625 2540 2051 42G9 5095 3782 ]520 3169 5879 46 
7278 22697 35977 15362 7591 14540 35878 17203 R800 15422 34G06 2C5 
8955 26069 40602 17903 9642 18009 30973 20985 10320 18590 404B6 312 
44.17 44. 95 41.51 43.47 54.27 51.56 57.50 53.81 60.69 61.23 5 [". 78 60. 
1088 1122 1110 1086 1573 1542 1703 1590 2336 2317 2460 24 2085 3288 5449 2842 . 2751 3G96 5399 3824 3426 4447 G565 56 
3327 2034 1477 7638 2191 4006 2601 8793 572 26G5 8065 113 
61.25 112,12 ,146.15 96.54 51.97 76.22 156.30 93.86 76.92 75.23 124.44 110. 
2 502 2435 ' 2459 2444 2358 2420 2322 2448 2287 2210 2180 21 
44 R 1303 2 030 • 395 482 340 1949 1049 516 930 2024 1£ 
ar 144 2 50 380 206 121 188 258 184 58 118 171 • ] 
1107 • 1670 3701 1606 941 . 1743 2168 1592 451 1008 1507 12 
7.69 6 .69 9.74 7.80 7.81 9.29 0.42 8,67 7.84 8.57 8.80 s. 
9132 13844 21508 12128 6315 12735 15859 11455 4033 7365 10084 81 
3R58 7319 10247 5715 ' 3075 6698 7046 5822 1488 3023 5210 42 
20595 56584 89959 40282 14451 2 9514 60020 32303 10102 17732 35877 28E 
2292 4701 9614 3350 1766 337S i3d92 3439 1U67 k;032 3o38 2t 
35.53. 36.47 43.52 39.34 55,42 40.59 44,44 40.85 43.28 42.73 47.49 46, cgon 
• 0109 1S537 . 3100 4263 ' 7615 11447 7498 24yl 5025 5133 6' 
5.14 5o45 4.47 5.04 4.53 4.37 5.28 4.71 5,52 4.98 5,40 5, 
1.187 1,276 1„.370 1.267 1.035 1.313 1.377 1.274 .743 1.185 1,598 lo: 
1477 2031 3125 1B44 1570 2699 3737 2 637 1454 3138 5072 4: 
1841 3166 4924 2613 2049 3426 5431 3497 1894 •3909 6 603 5, 
753 2044 3814 '• 1527 476 1884 3728 1907 -442 1592 4343 31 
1393 1863 2894 1718 1567 2486 34B2' 2448 1378 2979 4779 3' 
3397 4408 6923 4150 2502 4236 5755 4059 1424 2994 4495 3' 4233 6871 10909 5878 3071 5376 8364 5383 • 1854 3729 eo28 5^ 
8o41 7.84 9.39 8.53 4.94 10,02 9.57 9.09 -4.28 8.56 10.73 9 
3202 4041 . 6417 3869 2349 3903 5365 37 66 1348 2843 4237 3 
1291 1770 1408 1844 2034 2751 
17114 14533 9167 20164 8270 21896 
174 623. 588 730 -189 493 1297 1 
.232 .176 .198 .206 .355 .411 .479 • 
7„54 12.18 15.36 9.15 24.59 12,56 
750 3540 2970 " 3544 -532 1200 2 708 3 
2047 3951 7153 2756 4493 6337 2108 4835 7745 
29.01 29.48 35.12 29.78 32.44 33.68 29.99 31.88 34o76 
11.31 20.58 38.03 9.92 16,92 23.42 4.95 11.06 16,48 
-
.924 1.094 .804 .985 .899 .904 .926 1.016 .932 
(1.0-6,5) (6,5-9.1) (9.2 
specific definition of items see appendix. 
060 440 771 1730 1328 377 858 1730 983 
2234 1090 2130 4105 3238 1063 2151 4030 2403 
7442 4120 7722 11379 9595 4062 7502 10890 7461 
3782 ]520 3169 5E79 4666 1778 3709 5519 365 6 
17203 R800 15422 34606 2C554 7534 17153 34595 19659 
20985 10320 18590 40486 31220 9312 20867 40114 n3315 
53.81 60.69 61.23 EE. 70 60.25 49.57 53.48 57.74 54.03 
1590 2336 2317 2460 2407 1360 1637 2101 1699 
382 4 3426 • 4447 G565 5646 2423 3788 6131 41C2 
8799 572 2665 8065 11302 6090 9505 12143 27738 
93.86 76.92 75.23 124.44 110.43 59.38 86.65 133.90 101.35 
2448 2287 2210 2180 2198 2392 2349 2284 2336 
1049 516 930 2024 1561 466 1043 2006 1165 
184 58 118 171 • 146 119 171 200 169 
1592 451 1008 1507 1270 S23 1430 1763 1436 
8,67 7.84 8.57 8.80 8.71 7.75 B.36 8.82 8.47 
11455 4033 7365 10084 8763 7145 10762 11841 10261 
5822 1488 3023 5210 4261 5127 5321 6001 5028 
32303 10102 17732 35877 28513 16378 29933 43618 32064 
3439 lUti7 2032 5638 2957 1870 3 UBS 4382 3305 
40.85 43.28 42.73 47.49 46.31 30.35 40o03 46.31 42.80 
7498 2491 b025 5133 6750 4569 6848 9257 7251 
4.71 5„52 4.98 5.40 5.32 '3,95 4.79 5.25 5.05 
1.274 .743 1.185 lo598 lo309 1.072 1.260 1.388 1.285 
2637 1454 3138 5072 4153 1535 2623 4483 2869 
3497 1894 '3909 5803 5480 1911 3481 621:5 385? 
1907 -442 1592 4345 3073 551 1844 411:^ 2153 
2448 1378 2979 4779 3919 1445 2438 4207 2686 
4059 1424 2994 4495 3793 2699 3763 4874 3946 
5383 • 1854 3729 eo2s 5005 3362 4994 6755 5298 
9.09 -4.28 . 8.56 10.73 9.84 5.92 R.84 10.25 9.23 
37 66 1348 2843 4237 3579 2540 '3498 4573 3 695 
2034 2751 12 93 2268 
8270 21896 11555 19247 
730 -189 493 1297 1471 
.206 .355 .411 .479 .445 
24.59 12.56 
• 
11.19 11.78 
3544 -532 1200 2 708 3306 
2108 4835 7745 . 4613 
29.99 31.88 34o76 32.32 
-
4.95 11.06 16.48 15.23 
.926 1.016 .932 .928 
(6,5-9.1) (9.2-24.C ) )  
(386- (1603- (2702-
3600) 2678) 7699) 
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Table 49. Alabama 19^0, Per Fa 
Sample Average and Groups Stratified by K 
Line Item Unit of 
No. Measurement 
11 12 
1 Number of farms number 22 1^ 
2 Per cent distribution of farms per cent 1^5.54 10.52 
u Total crop product I $ 457 35! 
Total crop product II 396 73' 
6 Cropland acres 22.7 26 .; 
7 Cropland not pasture acres 11.2 16.c 
8 Pasture land acres 14.4 27.' 
9 Labor on crops months 3.268 4.60( 
10 Machine services $ 103 20( 
11 Crop services 85 23( 
13 Labor on crops years .27 2 .38; 
1^ Value of land services $ 90 15i 
16 Value of land, machine and crop services 278 59 
17 Machine investment (new) 
10 Machine investment (present) 91 22 
19 Building and fence investment on crops $ 
20 Land investment 1793 300 
21 Total investment on crop resources 1884 323 
23 Per cent labor on crops per cent 62.30 53.6 
2h Value labor on crops $ • 320 46 
25 Value of ail services $ 598 105 
27 Total land acres 37.1 53. 
28 Value of land per acre $ per acre 48.33 66.2 
29 Labor cost per man (wage rate) ^ per man year 1174 12] 
30 Return to investment at 5 per cent $ 94 1( 
32 Cropland per man acres per man year 83 ( 
33 Machine sei*vices per man $ per man year 379 51 
3U Machine services per crop acre $ per acre 4.54 7.! 
35 New machine investment per man $ per man year 
36 Present machine investment per man $ per man year 335 51 
37 Total investment per man $ per man year 6917 84^ 
36 Total all capital sei'vicoa per man per man year 1021 15^ 
UO Product per crop acre $ per acre 20cll 32o' 
I4I Product per man $ per man year 1676 22 
U2 Product per machine ser^/ice •p per $ 4.43 4, 
U3 Product per all service $ per $ • .764 .81 
U5 Gross residual product of labor $ 178 2 
U6 Gross residual product of land and labor $ 268 4 
hi Residual product of investment $ -52 -
Alabama 19^0, Per Farm Group Data for Crop Production, 
Groups Stratified by Months of Labor and Value of Capital Services^ 
Group 
Labor Labor 
11 12 13 1 21 22 23 2 31 32 33 
22 14 9 45 19 10 15 44 4 20 20 
16.54 10.53 6.77 33.83 14.29 7.52 11.28 33.08 3.01 15.04 15.04 
457 355 1759 841 836 1173 2022 1317 989 1578 2731 
39 6 734 1571 736 802 1148 1904 1256 972 1526 2648 
22.7 26.1 36.7 26 .6 21.4 27.1 43.0 30.1 15.9 34.0 51.9 
11.2 IS.3 31.3 16.8 17.5 20.7 54.5 24.0 14.4 25.9 37.9 
14o4 27.4 17.5 19.1 8.4 6.4 17.6 11.1 4.0 13.0 19.0 
3.268 4.600 5.578 4.144 9.574 8.770 11.013 9.882 13.40.0 13.275 17.410 
103 206 467 208 137 271 468 280 121 237 483 
85 236 410 197 160 220 529 299 157 252 466 
.27 2 .383 .465 .345 .798 .731 .918 .823 1.117- 1.523 1.451 
90 150 187 128 59 72 205 112 39 98 179 
278 592 1064 533 355 563 1203 691 317 587 1129 
91 225 694 254 118 218 873 398 97 177 811 
1793 3009 3742 2561 1179 1436 4108 2236 780 1955 3587 
1884 3234 4436 2814 12S7 1654 4981 2634 877 2132 4398 
62„30 53.62 42.76 52.85 83,86 72,42 60.80 75,21 87.58 88.05 77.24 
320 466 558 414 951 873 1139 999 1338 ' 1828 1717 
598 1058 1623 946 1306 1436 2342 1690 1656 2414 2846 
37.1 53.5 54 .,2 45.7 29.8 33.5 60.6 41.2 19,9 47.0 70.9 
48c33 56.24 69.04 56.04 3S.56 42.87 67;79 54.27 39.20 41.60 50,59 
ear 1174 1215 1202 1197 1192 1195 1241 1213 1199 1200 1183 
94 162 222 141 65 . 83 249 132 44 107 220 
lan year 83 68 79 77 27 37 47 37 14 22 36 
ear 379 536 1006 602 171 371 510 340 108 156 333 
4.54 7.87 12.73 7.82 6.38 lOoOO 10.89 9.32 7.62 6.97 9,32 
ear 
ear 335 588 14S3 734 148 298 951 483 87 116 559 
ear 6917 8436 9545 8149 1625 2263 5427 3198 785 1400 3031 
ear 1021 1544 2290 1543 445 770 1310 839 284 385 778 
20»11 32o73 47.88 31.65 39.01 43.26 '!7.07 43.01 62.31 '36.38 r.z.e2 
ear 1676 2230 3784 2435 104 8 1606 2203 1599 886 1036 1882 
4.43 4,16 3„76 4.05 6.12 4.32 4.32 4.70 8.18 6.65 5.65 
; • .764 .808 1.084 .889 .640 .817 .864 .779 .557 .654 .960 
178 263 694 308 481 610 819 626 672 991 1602 
268 414 882 436 540 682 1025 738 711 1089 1781 
-62 -52 324 22 -411 -191 -114 -261 -627 -739 64 
Labor 
2 
44 
33.08 
1317 
1256 
30.1 
24.0 
11.1 
9.882 
280 
299 
.823 
112 
691 
398 
2236 
2634 
75„21 
999 
1690 
41.2 
54.27 
1213 
132 
37 
340 
9.32 
483 
3198 
839 
43.81 
1599 
4.70 
.779 
626 
738 
-261 
606 
Group 
31 32 33 
Capital Capital Capited 
1 2 3 
• 4 
3.01 
989 
972 
15.9 
14.4 
4.0 
13.400 
121 
157 
1.117 
39 
317 
97 
780 
877 
B7.58 
1338 
1656 
19,9 
39.20 
1199 
44 
14 
108 
7.62 
87 
785 
284 
62.31 
886 
8 . 1 8  
.597 
672 
711 
-627 
667 
20 
15.04 
1578 
1526 
S4.0 
2 6 . 9  
13.0 
13.275 
237 
252 
1.523 
98 
587 
177 
1955 
2132 
88.05 
'  1828 
2414 
47.0 
41.60 
1200 
107 
22 
156 
6.97 
116 
1400 
385 
-36.38 
1036 
6.65 
.654 
991 
1089 
-739 
982 
20 
15.04 
27 31 
2648 
51.9 
37.9 
19.0 
17.410 
483 
466 
1.451 
179 
1129 
811 
3587 
4398 
77.24 
1717 
2846 
70.9 
50.59 
1183 
220 
36 
333 
9.32 
559 
3031 
773 
r ,2 ,e2  
1832 
5.65 
.960 
1602 
1781 
64 
1561 
Labor 
3 
44 
33.08 
2048 
1986 
40.5 
30.8 
I'i.g 
17.439 
339 
341 
1.453 
130 
809 
458 
2590 
3048 
82,76 
1732 
2541 
55.4 
46.75 
1192 
152 
2 8  
233 
8.36 
315 
2097 
556 
50.5 « 
1409 
6.05 
.806 
1240 
1369 
-363 
1217 
. 45 
33.83 
664 
619 
2 1 . 6  
14.1 
10.9 
6.831 
119 
123 
.569 
72 
314 
.103 
1444 
1547 
78.12 
676 
990 
32.5 
44,43 
1188 
77 
38 
209 
5.52 
181 
2717 
562 
30.81 
1167 
5,59 
.671 
350 
422 
-254 
345 
44 
33.08 
12 56 
1188 
29,9 
2 2 . 1  
16 .1  
11.764 
235 
239 
.980 
109 
583 
202 
2172 
2374 
78.87 
1178 
1761 
31 
240 
7.84 
206 
2422 
595 
41.95 
1281 
5.35 
o713 
673 
782 
-396 
663 
44 
33.08 
2 290 
2174 
45.7 
35.4 
18.3 
12.809 
475 
476 
1.067 
190 
1141 
•808 
3796 
4604 
69.73 
1284 
2425 
43 
445 
10.38 
757 
4315 
10G9 
50.07 
2146 
4o82 
.944 
1149 
1339 
55 
1109 
All 
furms 
133 
100,00 
1398 
1322 
32.3 
23.8 
15.1 
10.441 
275 
278 
.870 
123 
677 
369 
2463 
2832 
74.73 
1044 
1720 
47.4 
51.96 
1199 
142 
37 
316 
8.51 
424 
3255 
778 
43.23 
1607 
5.08  
.813 
721 
844 
-200 
702 
46 . 0 64 .0 
47.22 59.31 
1202 . '1203 
119 230 
16 Value of land, machine and crop services 278 592 
17 Machine investment (new) 
18 Machine investment (present) 91 225 
19 Building and fence investment on crops $ 
20 Land investment 1793 3009 
21 Total investment on crop resources 1884 3234 
23 Per cent labor on crops per cent 62.30 53.62 
2h Value labor on crops $ 320 466 
25 Value of all sei*vices $ 598 105 £ 
27 Total land acres 37.1 53.5 
20 Value of land per acre $ per acre 48o33 56.24 
29 Labor cost per man (wage rate) ^ per man year 1174 121£ 
30 Return to investment at 5 per cent 94 16Z 
32 Cropland per man acres per man year 83 6£ 
33 Machine services per man $ per man year 379 53 f 
3U Machine services per crop acre $ per acre 4.54 7.8'i 
35 New nachine investment per man $ per man year 
36 Present machine inves-tment per man $ per man year 335 58f 
37 Total investment per man $ per nan year 6917 843( 
36 Total all capital sei"viccs per man .•p per man year 1021 1544 
liO Product per crop acre per acre 2oai 32„7J 
la. Product per man $ per man year 1676 223( 
U2 Product per'mchine service 0 per t 4.43 4c le 
U3 Product per all service $ per $ • .764 .80( 
Gross residual product of labor $ 178 261 
I46 Gross residual product of land and labor $ 268 414 
U7 Residual product of investment $ -52 -5; 
U8 Residual product of labor $ 174 25', 
50 Average gross residual product of labor $ per nan year 655 68' 
51 Average gross residual product of land and labor $ per man year 984 107J 
52 Average residual return on investment per cent -2.76 -1.6: 
53 Average residual product of labor $ per man year 640 651 
55 Marginal residual product of investment $ ( 
56 Marginal investment 135( 
57 Marginal residual product of labor 
58 Marginal labor quantity man years 
60 Average marginal residual return on investment per cent ( 
61 Average marginal residual product of labor $ per man year 
63 Predicted product II fp 397 76 ( 
65 Marginal product of land II $ per acre 13.64 17.9' 
66 Marginal product of labor II $ per month 38«80 52.7-
67 Marginal product of machine-crop services II I per $ .978 .791 
69 Group range of labor months 
70 Group range of all capital services $ 
S For a detailed description of the organization of the table and specific definiti 
»u iOU iiiB b9 Ti 205 112 39 98 179 
278 592 1064 533 355 563 1203 691 317 587 1129 
91 225 694 254 118 218 873 398 97 177 811 
1793 3009 3742 2561 1179 1436 4108 2236 780 1955 3587 
1884 3234 4436 2814 12S7 1654 4981 2634 877 2132 4398 
62o30 53.62 42.76 52.85 83,86 72.42 60.80 75,21 R7.58 88.05 77.24 8 
320 466 558 414 S51 873 1139 999 1338 ' 1828 1717 
598 1058 1623 946 1306 1436 2342 1690 16 56 2414 2846 
37.1 53.5 54o2 45.7 29.8 33.5 60.6 41.2 19,9 47.0 70.9 
48c33 56.24 69.04 56.04 39.56 42.87 67.79 54.2 7 39.20 41.60 50.59 4 
1174 1215 1202 1197 1192 1195 1241 1213 1199 1200 1183 
94 162 222 141 65 83 249 132 44 107 220 
year 83 68 79 77 27 37 47 37 14 22 36 
379 536 1006 602 171 371 510 340 108 156 333 
4.54 7.87 12.73 7.82 6.38 lOcOO 10.89 9.32 7.62 6.97 9.32 
335 588 1493 734 • 148 298 951 483 87 116 559 
6917 0436 9545 8149 1625 2263 5427 3198 785 1400 3031 
1021 1544 2290 1543 445 770 1310 839 2B4 385 778 
20«11 32o73 47.88 31.65 39.01 43.26 47.07 43.01 62.31 -^6.38 r,2.f:2 B 
1676 2230 3764 - 2435 1C48 160G 2203 1599 886 1036 1832 
4.43 4c 16 3o76 4.05 6.12 4.32 4.32 4.70 8.18 • 6.65 5.65 
• .764 .808 lo084 .889 .640 .817 .864 .779 .597 .654 .960 
178 263 694 308 481 610 819 626 672 991 1602 
268 414 882 436 540 682 1025 738 711 1089 1781 
-52 -52 324 22 -411 -191 -114 -261 -627 -739 64 
174 252 660 295 475 599 776 606 667 982 1661 
655 687 1494 892 603 835 893 760 602 651 1104 
984 1079 1897 1263 677 933 1117 896 637 715 1228 
-2.76 -1.61 7»30 .78 -31.69 -11.55 -2.29 -9.91 -71.49 -34.66 1.46 -1 
640 658 1419 855 595 819 845 736 597 645 1076 
0 376 220 77 
-112 803 
1350 1202 357 3327 1255 2 266 
301 347 116 311 192 383 785 
.526 .348 .453 .478 .319 .792 .533 
• 0 31.28 61.62 2.31 . 
-8.92 35.44 
572 997 • 256 651 602 484 1473 
397 760 1426 821 1075 1953 • 822 1500 2291 
13.64 17.94 17.53 18.05 19,98 21.78 21,97 21.45 23.25 
38,80 52.74 81.60 27 .38, 39.13 56.61 19.59 26.20 42.00 
.978 .796 .752 .943 1.013 .906 1.369 1.419 1.116 
:i.0-7.2) (7.2-12.0 ) ( 12. 
d specific definition of items see appendix. 
I 
)3 691 317 587 1129 809 
f  i - '  
314 583 
J .C7U 
1141 
ICQ 
677 
rs 398 97 177 811 458 ,103 202 •808 369 
)8 2236 780 1955 3587 2590 1444 2172 3796 2463 
31 2634 877 2132 4398 3048 1547 2374 4604 2832 
30 75„21 R7.58 88.05 77.24 82,76 78.12 78.87 69o73 74.73 
59 999 1338 ' 1828 1717 1732 676 1178 1284 1044 
J-2 1690 1656 2414 2846 2541 990 1761 2425 1720 
,6 41.2 19,9 47.0 70,9 55.4 32.5 46.0 64.0 47.4 
^9 54.2 7 39.20 41.60 50.59 46.75 44.43 47.22 59.31 61.96 
n 1213 1199 1200 1183 1192 1188 1202 1203 1199 is 132 44 107 220 152 77 119 230 142 
n 37 14 22 36 28 38 31 43 37 
LO 340 108 156 333 233 209 240 445 316 
39 9.32 7.62 6.97 9.32 8.36 5.52 7.84 10.38 8.51 
51 483 87 116 b59 315 181 206 757 <124 
n 3198 785 1400 3031 2097 2717 2422 4315 3255 
LO 839 2B4 385 773 556 552 595 10G9 778 
37 43.01 62.31 -36.38 n2.fi 2 B0.5R 30.81 41.95 50.07 43.23 
33 1599 886 1036 . 1832 1409 1167 1281 2146 1607 
52 4.70 8.18 6.65 5.65 6.05 5,59 5.35 4o82 5.08 
54 .779 .597 .654 .960 .806 .671 ,713 .944 .813 
19 626 672 991 1602 1240 350 673 1149 721 
15 738 711 1089 1781 1369 422 782 1339 844 
L4 -261 -627 -739 64 -363 -254 -396 55 -200 
'6  606 667 • 982 1561 1217 345 663 1109 702 
?3 760 602 651 1104 853 .615 687 1077 82 9 
L7 896 637 715 1228 942 742 797 1255 971 
29 -9.91 -71.49 -34.66 1.46 -llo91 -16.42 -16.68 1.19 -7.06 
t5 736 597 645 1076 838 606 677 1039 807 
n 
-112 803 
-142 451 
17 1255 2 266 827 2230 
.6  311 192 383 785 6]>1 
)3  .478 .319 .792 .533 .630' 
!1 
-8.92 35.44 
-17.17 20.22 )6 651 602 484 1473 970 
)3 822 1500 2291 1267 
'8 21„97 21.45 23.25 20.48 
>1 
)6 
19.59 26.20 42.00 30.73 
1.369 1.419 1.116 1.060 
(7.2-12.0) ( CO 0 1 o o CJl ) 
(156- (466- (719-
465) 718) 2542) 
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produotiTltles). The estimates from the production funotion at the 
mean use of resources does at least give the direction of a desirable 
adjustment in factor use. The tabular data in individual cell com­
parisons do not yield einy inferences of any kind of what direction 
resource shifts should take in order to increase technological and 
economic efficiency* Because of the amoimt of variability, all cells 
should be considered simultaneously. This, in the fixial analysis* 
is the ultimate objective of research in productivity since it is not 
sufficient to know only that disequilibrium exists. This is generally 
common knowledge. Prescription about the exact nature of desirable 
shifts requires much more detailed study. 
B. Livestock Resources 
Attention is now focused upon the grouped data for livestock in 
Tables 50 to 53 inclusive. The method of stratification is similar to 
that used in the previous chapter for crops. The seoi^le farms are 
stratified into thirds by labor used on livestock and are independently 
stratified into thirds by value of capital services. Livestock 
capital services include feed, livestock input and other ixiput (buildings 
veterlneiry expenses etc.) as confuted for the production functions. A 
detailed description of the methods en^loyed was given in Chapter III. 
Definitions of specific items are given in Appendix C.2• 
As in the case of crops, the production fimctions provided com­
parisons of resource productivities mostly on an intrafarm and an 
I 
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interregional basis* The grouped data provide oon^arisons mostly of 
the intsrfEirnHintrca>egional l^e* Here again, all the data for all cells 
and for all oon^lete strata as well as for the san^le as a whole are 
presented for eaoh area in a single table in order to facilitate all 
possible types of con^arisons. Specified output, input and investment 
items are given in the upper section of the tables* Specified capital-
labor ratios* product-factor ratios and residual products are given 
in the middle section of the tables* Uarginal products and the strata 
limits are given in the lower part of the tables. With the exception 
of South Iowa there is a greater tendency for the farms to be grouped 
along a central axis in factor space than was the case for crops* 
This is indicated by the larger percentages of farms in cells 11« 22 and 
S3* This indicates more limited possibilities of substitution between 
labor and capital in livestock production than in crop production* 
The quantities of product euad factors vary greatly between cells* 
The ratio of feed to livestock input decreases fairly consistently 
as capital is added within labor strata and in moving between cells 
11, 22 and 33* This tendency is not as marked in South Iowa and 
Alabama as in the other two areas* The proportion of labor used on 
livestock production (versus crops) also consistently increases very 
markedly between labor strata* These show much less tendency to 
increase between capital strata, within labor strata* 
The ratios, feed to labor and all capital services per man, both 
consistently increase as total input increases* This is evident in 
180 
oon^arlsons batween oells 11^ 22 and 33 and in oouparisons betneen 
oells 12 and 23 end also between oella 21 and 32. This indicates a 
distinct curvilinear correlation between labor and capital in the 
seui^le with the ratio of capital to labor Increasing as total outlay 
increases* If it is assvuned that there is a general tendency toward an 
equilibrium conbination of factors* the contours of the production 
surface must cut soale lines at a rate of substitution more favorable 
to inoreased use of capital as soale increases* It is this 
characteristic of livestook production which allows an increase in the 
level of '^returns to scale" as more aggregation of inputs is carried 
out* 
There is a considerably greater percentage vsurlation in the 
residuals to investment and labor between oells In livestook production 
than in crop production* Variation is not as consistent in livestook 
production aa it was for crops. The chief reasons for this ares 
(1) the factors are priced much more nearly at the equilibz*ium level 
than in the case of crop production ax\d (2) the grouping of factors is 
such that smaller proportions of labor are required at large outputs* 
In many oases in the high labor group* a considerable proportion of 
the total labor la probably not fully etqployed* For reasons given 
earHer* the incidence of surplus labor is likely to fall more heavily 
on livestock* In all cases the largest residuals to labor or investment 
fall in either the high capital strata and/or the oells having a high 
ratio of capital to labor* It appears that there is greater seuz^ling 
variation in the ratio of product to input between oells than within 
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thorn for live stock production than was the oaae in crop production* 
There Is also distinctly niore evidence of increasing than of decreasing 
returns as only one factor is added. The higher variability in North 
Iowa is perhaps due to greater vsoriation in the type of product produced 
in North Iowa (l*e*« dairy, hogs, feeder cattle, etc.) than in the other 
areas* 
There is a tendency to under-estimate the marginal productivity 
of capital in the fimctions in the high capital-labor ratios and to 
over-estimate the productivity of labor in the low capital-labor 
ratios* This stems from the constant elasticities and curvilinear 
correlation. Due to the occurrence of variation between the cells, 
however, the funotions probably still yield considerably better 
estimates of marginal produotivii^ than do the residual ooiq>utations. 
In the residuals there is a distinct adveintage to large quantities of 
capital at above average capital-labor ratios* This is apparent in 
the marginal products confuted from the production functions where there 
is a relatively small decline in the productivil^ of capital and a 
fairly large increase in the productivity of labor. 
The general level of productivity is higher in Honteuia and South 
Iowa than in North Iowa and Alabama* The ratio of capital inputs to 
labor is highest in North Iowa which may account for the lower 
productivity of capital in North Iowa* It is also partly due to a 
general lower value productivity of feed resources fed through hogs 
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Table BO. Montana 1950, Pe 
Sample Average and Stratified 
Line Item 
NOo 
Unit of 
Measurement 
1 Number of farms 
2 Per cent of farms in the group 
U Total product 
5 Feed input 
6 Livestock input 
7 Other input 
8 Value feed, livestock and other input 
9 Labor on livestock (months) 
10 Labor on livestock (years) 
12 Livestock investment 
13 Building investment 
lU Total investment 
16 Per cent labor on livestock 
17 Value livestock labor 
18 Value of all inputs 
number 
per cent 
$ 
$ 
$ 
$ 
months 
years 
$ 
$ 
per cent 
$ 
11 
27 
24o32 
1872 
629 
724 
55 
1407 
I086O 
.155 
1739 56: 
549 7; 
2685 74' 
12.07 17. 
413 7: 
1820 46 
20 Labor cost per man (wage rate) 
21 Return to investment at 5 per cent 
23 Feed per man 
2U Value feed, livestock' and other input per man 
2^ Investment per man 
27 Product per man 
28 Product per feed, livestock and other input 
29 Product per all inputs 
31 Gross residual to labor 
32 Gross residual to all other than labor 
33 Residual to investment 
3k Residual product of labor 
36 Average gross residual product of labor 
37 Average gross residual to all other than labor 
3b Average residual return on investment 
39 Average residual product of labor 
$ per mail year 
^ per ran year 
$ -per nan year 
$ per nan year 
$ per inan year 
$ per 
$ per $ 
$ 
$ 
$ 
^ per man year 
per ^ 
per cent 
0 per man year 
2663 
134 
4055 
9075 
17321 
12072 
1.330 
1.028 
465 
1459 
52 
331 
2996 
1.037 
1.94 
2135 
)4l ilarginal residual to investment 
\\7 Marginal investtnent 
J 1 
A 
V 
ole 50. Montana 19^0, Per Farm Group' Data for Livestock production, 
Average and Stratified by Months of Labor and Value of All Other Inputs® 
f 
L 
ement Group 
Labor Labor 
11 12 13 1 21 22 23 2 31 32 33 
nt 
27 10 0 37 10 19 8 37 0 8 25 
24„32 9.01 0 33.33 9.01 17.12 7.21 33»33 0 7.21 26.i; 
1872 5127 0 2751 1891 4980 15406 6400 0 4542 33321 
629 1568 0 882 798 1609 5030 2129 0 1986 810( 
724 2250 0 1136 630 1899 76R8 2R08 0 15615 1508' 
55 113 0 70 78 147 231 146 0 169 60' 
1407 3930 0 2089 1506 3654 12950 5084 0 3721 23^^,7: 
1.860 3.128 0 2.203 5.751 6.248 7.434 6.370 0 11.830 20.02i 
.155 .261 0 .1«4 .479 .521 .620 .531 0 .986 i.6e< 
1739 5611 0 2786 2585 5408 16434 7029 0 4694 3573: 
549 726 0 597 1218 1503 2705 1686 0 1822 768' 
268 5 7491 0 3984 4011 7527 20377 9355 0 • 7446 4699: 
mt 12.07 17.12 0 13.61 30.34 32,76 36.12 32.89 0 54.68 51.4' 
413 728 0 496 1348 1595 1640 • 1540 0 '2 530 431( 
,* 
1820 4658 0 258 5 2854 5249 14589 6623 0 62 51 2819( 
man year 2663 2791 0 2703 2812 3062 2646 2901 0 2566 258' 
134 375 0- ^ 199 201 376 1019 468 0 372 2351 
rnan year 4055 6013 0 4807 1665 3089 • 8120 4011 0 2015 4851 imn year 9075 15075 0 11380 3143 7018 20904 9576 0 3774 14301 man year 17321 28 733 0 21704 8371 14457 328 93 17623^ 0 7553 2816 
inan year 
,(k < 12072 19666 0 14988 3946 9565 24869 12055 0 4607 1997 
1.330 1.305 0 1.317 1.256 1.363 .1.190 1.259 0 1'.221 1.39 ? 1.028 1.101 0 1.064 .663 .949 1.056 .966 0 ,727 1.18 
465 1197 0 662 385 1326 2456 1316 0 821 945 
1459 4399 0 2255 543 3386 13767 4860 0 2012 2900 
52 469 . 0 166 -963 -269 816 -224 0 1709 513 
331 322 0 4 63 184 950 1437 848 0 449 710 
man year 
/V 2996 4591 0 3 609 803 2547 3965 2479 0 83.'5 
V X 1.037, 1.119 0 1.080 .361 .927 i.063 .956 0 .541 1.21 jnt 1.94 6 .26 0 4.17 -24.01 -3.57 4.00 2.39 0 22.96 10.9 
man year 
k-: 
2135 5149 0 2516 384 1823 2318 1597 0 455 425 
417' • 694 1085 _ 68.4 
4806 — 3516 128 50 — 5954 
-
y1 7 1 oa •z oc 
riputs^ 
» 
Group 
Labor .Labor Capital Capital Capital All 
2 31 32 33 3 1 2 3 farms 
37 0 8 29 37 37 37 37 111 
33o33 0 7.21 26.13 33.33 33.33 33.33 33.33 100.00 
6400 0 4542 33325 27101 1877 4925 294 50 12084 
2129 0 1986 8106 6783 S74 1679 71-il 32; 6 5 
2n08 0 156!3 150f:;4 12161 698 1922 13485 Do en 
146 0 169 604 572 61 142 5RC J.oo 
5084 0 3721 23^73 1£.516 1434 3743 21511 of 96 
6.370 0 11.830 20.025 18.2 53 2.912 6.612 17.302 8.942 
.531 0 .986 1.669 1.521 .243 .551 1.442 .745 
7029 0 • 4694 35732 29021 1968 5309 31559 12! 45 
16R6 0 1822 7687 6419 730 1362 6olO 2901 
9355 0 7446 46992 38442 30^4 7500 41237 17260 
32.09 0 54.68 51.47 51.90 17.78 34.06 49.52 37.93 
• 1540 0 2 530 4316 3930 657 1584 3741 2010 
6623 0 6251 2B190 23446 2091 5327 2 52 52 lOi 06 
2901 0 2566 2587 2 584 2710 2874 ' 2 594 2698 
468 0 372 2350 1922 152 • 375 2062 863 
4011 0 2015 48 58 4459 2780 3048 5161 4381 
9576 0 3774 14306 12830 6909 6794 14919 11938 
17623- 0 7553 28161 2 5273 12 544 13612 , 28601 23163 
12055 0 4607 19970 17817 7735 8S39 20425 16217 
1.259 0 1.221 1.396 1.389 1.309 1.316 1.3S9 1.368 
.966 0 .727 1.182 1.156 .897 .925 1.1S6 1.108 
1316 0 821 9451 7585 443 1182 7539 31(18 
4860 0 2012 29008 23171 1219 3342 25710 10074 
-224 ,,p 1709 5155 3655 -214 -402 'ji.:;c 117?; 
848 "o 449 7101 5663 291 807 iid 77 2325 
2479 0 833 5664 4987 1826 2145 5506 4278 
.956 0 .541 1.21C 1.187 .050 .893 1.1=J5 1.122 
2.39 0 22.96 10.93 9o51 -7.03 -5.36 10.18 6.83 
1 
lb97 0 455 42 55 3723 1197 1465 4076 3121 
1 
— 6844 
-188 -3 600 
- 39546 4456 33737 
«•« Rm CCCA /tone 
12 
13 
Ih 
Livestock investment 
Building investment 
Total investment 
$ 
% 
1739 
549 
268 5 
561 
72 
749 
16 
17 
18 
Per cent labor on livestock 
Value livestock labor 
Value or all inputs 
per cent 
$ 
12.07 
413 
1820 
17.1 
72 
46 £ 
20 
21 
Labor cost per man (wace rate) 
Return to investment at 5 per cent 
$ per 
$ 
man year 2663 
134 
279 
37 
23 
2h 
2^ 
Feed per man 
Value feed, livestock and other input per man 
Investment per man 
$ per 
$ per 
^ per 
ran year 
inan year 
nan year 
4055 
9075 
17321 
601 
1507 
2B73 
27 
28 
29 
Pi^oduct per nan 
Product per feed, livestock and other input 
Product per all inputs 
$ per 
per 
$ per 
inan year 12072 
1.330 
1.028 
1966 
1.30 
I.IC 
31 
32 
33 
31; 
Gross residual to labor 
Gross residual to all other than labor 
Residual to investment 
Residual product of labor 
$ 
$ 
$ 
465 
1459 
52 
331 
l is 
439 
46 
82 
36 
37 
3b 
39 
Avera»-;e gross residual product of labor 
Average f3ross residual to all other than labor 
Average residual return on investment 
Average residual product of labor 
$ per man year 
J? per 3 
per cent 
0 per i:ian year 
2996 
1.037 
1.&4 
2135 
45S 
1.11 
6.2 
514 
)4l 
)i? 
1;3 
Ul; 
Ilarginal residual to investment • 
MarRinal investment 
Marginal'residual to labor 
Marginal labor quantity-
t? 
years 
41 
48 C 
1;6 
U7 
Average marginal residual return to investment 
Average marginal residual product of labor 
per cent 
$ per man year 
8o6 
U9 Predicted product II $ 1774 48E 
^1 
^2 
Marginal product of labor II 
Marginal product of all other than labor II 
$ per 
$ per 
month 
$ 
80.02 
1.181 
130.1 
1.1£ 
Sk Group range of labor 
Group range of all-other than labor 
months 
^ For 3. dettiilGci descriptfion of "bho organization ox "the "tabls and speciiic de 
1 
• 
1739 
549 
2685 
5611 
726 
7491 
0 
0 
0 
2786 
597 
3984 
2585 
1218 
4011 
5408 
1503 
7527 
16434 
2705 
20377 
7029 
1686 
9355 
0 
0 
0 
4694 
1822 
7446 
;r cent 12.07 
413 
1820 
17.12 
728 
4658 
0 
0 
0 
13.61 
496 
2585 
30.34 
1348 
2854 
32„76 
1595 
5249 
36,12 
1640 
14589 
32.89 
• 1540 
6623 
0 
0 
0 
54.68 
2 530 
62 51 
per man year 2663 
134 
2791 
375 
0 
0 
2703 
- 199 
2B12 
201 
3062 
376 
2646 
1019 
2901 
468 
0 
0 
2566 
372 
per mn year 
•per man year 
per nan year 
4055 
9075 
17321 
6013 
15075 
2B733 
0 
0 
0 
4807 
11380 
21704 
1665 
3143 
8371 
3089 
7018 
14457 
B120 
20904 
32893 
4011 
9576 
1762? 
0 
0 
0 
2015 
3774 
7563 
per man year 
per 
per $ 
12072 
1„330 
1.028 
19666 
1.305 
1.101 
0 
0 
0 
14988 
1.317 
1.064 
3946 
1.256 
.663 
9565 
1.363 
.949 
24B69 
.1.190 
1.056 
12055 
1.259 
.96 6 
0 
0 ' 
0 
4607 
1.221 
.727 
465 
1459 
52 
331 
1197 
4399 
469 
822 
0 
0 
. 0 
0 
662 
2255 
166 
4 63 
385 
543 
-963 
184 
1326 
3386 
-269 
950 
2456 
13767 
316 
1437 
1316 
4860 
-224 
848 
0 
0 
0 
0 
821 
2012 
1709 
449 
per man year 
per ^ 
er cent 
per man year 
2996 
1.037 
1.&4 
2135 
4591 
1.119 
6.26 
5149 
0 
0 
0 
0 
3609 
1.080 
4.17 
2516 
803 
.361 
-24.01 
384 
2547 
.927 
-3.57 
1S23 
3965 
i.063 
4.00 
2bl6 
2479 
.956 
2.39-
lb97 
0 
0 
0 
0 
833 
.541 
22.96 
455 
ears 
417' 
4806 
-147 
c324 
694 
3516 
128 
c260 
1085 
12B50 
385 
.347 
- 501 
.465 
er cent 
per man. year 
8o68 -
-454 
19.74 
492 
8.44 
1110 - 1077 
1774 48 52 0 2078 4802 15944 0 5152 
per month 
per $ 
lonths 
80.02 
1.181 
130.14 
1.157 
0 
0 
(] L,0-4,0) 
30.31 
1.293 
64.48 
lo231 
179.94 
1.154 
4.0-9.0) 
0 
0 • 
36.54 
1.297 
of the table and specific definition of items see appendix . ' / 
. r;'.;o i . o J.. .an .tibl 1.442 .745 
434 7029 0 • 4694 35732 29021 1968 5309 31569 12! 45 705 1686 0 1822 7687 6419 730 1362 6olO 2901 377 9355 0 7446 46J!92 38442 3044 7500 41237 17260 
,12 32.09 0 54.68 51.47 51.90 17.78 34.06 ^ 49.52 57. 93 640 • 1540 0 2 530 4316 3930 657 1584 3741 2010 589 6623 0 6251 28190 23446 2091 5327 2 52 52 10< 06 
646 2901 0 2566 2587 2 584 2710 2B74 • 2 594 26S8 
019 468 0 372 2350 1922 152 • 375 2062 863 
120 4011 0 2015 4858 4459 2780 3048 5161 4381 
904 9576 0 3774 14306 12830 5909 6794 14919 11938 8 93 17623" 0 7553 28161 25273 12544 13612 , 28601 23163 
869 12055 0 4607 19970 17817 7735 8939 20425 16217 
190 1.259- 0 • 1'.221 1.396 1.389 1.309 1.316 1.369 1.358 056 .96 6 0 .727 1.182 1.156 .897 .925 1.1S6 1.108 
456 1316 0 821 9451" 7585 443 1182 7&:59 31f;e 767 4860 0 2012 29008 23171 1219 3342 25710 10074 816 -224 0 1709 5135 3655 -214 -402 -1 •> c 117'? 
437 848 0 449 7101 5663 291 807 •••8 77 2325 
96r^ 2479 0 833 4907 182 6 2145 5506 4278 063 .956 0 .541 1.21E 1.1S7 .850 .893 1.195 1.132 
• 00 2.39 0 22.95 10.93 9o51 -7.03 -5.36 10.18 6.83 616 lb97 0 45b 4255 3723 1197 1465 4076 3121 
305 
— 68,44 
-188 4 600 50 
385 
- 59546 4456 33737 
• 
— 501 5664 4815 
.347 
— .465 1.049 .990 
.44 
— 17.31 
-4.22 13.63 
1110 * 1077 5399 4864 
344 0 5152 30733 11389 
.94 0 36.54 128.76 106.86 
L54 0 •• 1.297 1.206 1.200 
(4.0-9.0) (9 .75-42,0) 
1 (149-2558)(260475964)(6018 -
1 87263) 
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Table SL. North Iowa 19^0, 
Sample Average and Groups Stratif; 
Line Item 
NOo 
Unit of 
Heasureiient 
11 12 
1 Number of farms number 28 12 
2 Per cent of farms in the croup per cent 20.00 8.57 
h Total product $ 5333 . 1056S 
5 Feed input $ 2565 c74! 
6 Livestoc k'input $ 1388 38i: 
7 Other input $ 281 4o; 
8 Value feed, livestock and other input $ 4235 996: 
9 Labor on livestock (months) months 3.639 1.01 
10 Labor on livestock (years) years .303 . S3 
12 Livestock investment $ 2375 495 
13 Building investment $ 4620 493 
Ik Total investment 6995 939 
16 Per cent labor on livestock per cent 27.57 26.6 
17 Value livestock labor $ 72 3 79 
18 Value of all inputs. $ 495 8 1075 
20 Labor cost per man (wage rate) $ per man year 2303 237 
21 Return to investment at per cent $ 350 4S 
23 Feed per man % per ran year 8458 1717 
2k Value feed, livestock and other input per man $ per man year 13964 297€ 
2^ Investment per man $ per rian year 23064 295£ 
27 Product per man per man year 17584 315'i 
28 Product per feed, livestock and other input $ per ^  1.259 IcOe 
29 PrtJduct per all inputs $ per $ 1.076 .9i 
31 Gross residual to labor 1098 6( 
32 Gross residual to all other than labor $ . 4610 97' 
33 Residual to investment $ 375 -1! 
3U Residual pi'oduct of labor 748 i; 
36 Averai-;e cross residual product of labor per man year 3620 le: 
37 Average residual to all other than labor per lo089 o9l 
3b Average roaidual return on investment per cent c; nc; o • WW "1. 
39 Average residual product of labor per man year 2469 3: 
5L. North Iowa 19^0, Per Fann Group Data for Livestock Production 
ge and Groups Stratified by Months of Labor and Value of All Other Inputs^ 
t 
Group 
Labor • Labor 
11 12 13 1 21 22 23 2 31 32 33 
28 12 7 47 14 21 12 47 5 14 27 
20.00 8.57 5o00 33„57 10.00 15.00 , 8,57 33.57 3.57 10.00 19.29 
5333 .10569 20216 8887 5975 10773 18363 11282 6295 11729 29944 
2565 5749 7726 4147 2884 5633 9662 5843 2935 6248 13621 
1388 3812 10340 3341 1698 3180 7199 3765 1579 3127 13380 
281 402 650 367 281 503 562 452 427 458 837 
4235 9963 18717 7854 4863 9316 17424 10060 4942 9832 27839 
3.639 4.017 4.386 • 3.847 7.014 7.138 7.283 7.138 12,580 13,950 13c996 ] 
.303 .335 .365 .321 .585 .595 .607 .595 1.048 1.162 1.166 
2375 4956 6789 3692 3217 5022 8865 5466 3652 4895 13282 
4620 4937 8843 5330 4111 5023 6946 5242 6850 5759 9205 
6995 9893 15632 9022 7328 10045 15811 10708 10502 10654 22487 
27.57 26.62 30.37 27.74 46„67 49.78 42.30 46.72 54.41 61.40 56.34. 
72 3 793 855 761 1409 1347 1448 1393 2305 2500 2605 
. 4956 10756 19572 8615 6273 10663 18872 11453 7247 12333 30444 
year 2383 2370 2339 2373 2411 2264 2387 2342 2199 2151 2233 
350 495 782 451 366 502 791 535 525 533 1124 
year 8458 17173 21142 12935 4934 9470 15920 9823 2800 5374 lie 78 
year 13964 29762 51219 24501 8320 15660 28709 16911 4714 8458 2:'3r/;:e 
year 23064 29555 42778 28141 12537 16886 26051 18001 10017 9165 19279 
year 17584 31574 55321 . 27421 10222 18110 30256 18966 6004 10089 25673 
1.259 lc061 1.080 1.131 1.229 1.156 1,054 1.121 1.274 1.193 1,076 
1.076 .983 1.033 1,032 .953 1.010 .973 .985 .869 .951 .984 
1098 606 1499 1032 1111 1457 939 1222 1353 1896 2105 
4610 9776 19362 8126 4566 9426 16915 9888 3990 9228 27339 
375 -187 644 271 -298 110 -509 
-171 -952 -604 -500 
i 748 111 717, 581 745 955 148 687 828 1363 981 
['year 3620 1612 4103 3220 1902 2 450 1S4B 2054 1291 1G51 1805 
loOOS o981 1.034 1.035 o939 1,012 .P71 .903 <,807 . 959 .982 
5.35 "1.89 4a2 3,00 -4„07 1,10 -3.22 -1,60 -9„06 -5,67 -2,22 
year • 2469 331 1964 1810" 1274 1605 24 4 1155 790 1173 841 
-
— • 
- 1 ^ T A n t r\ A 
ction 
Other Inputs^ 
Group 
Labor Labor Capital C apital Capital All 
2 31 32 33 3 1 2 3 farms 
.2 47 5 14 27 46 47 47 46 140 
>7 33.57 3.57 10.00 19129 32.86 33.57 33.57 32.86 100.00 
)3 11282 6295 11729 29944 21829 5627 11006 25442 15943 
12 5843 2935 6248 13621 10215 2700 5846 11691 6710 
19 3765 1579 3127 13380 8977 1501 3326 11305 £335 
!2 452 427 458 837 677 297 464 737 498 
'A 10060 4942 9832 27839 19069 4497 9635 23733 12 542 
13 7.138 12„580 13o950 13,996 13.828 5.596 8.370 10.783 8c232 
)7 .595 1.048 1.162 1.166 1.152 .466 .698 .899 .6 86 
15 5466 3652 4895 13282 9683 2762 4967 11142 e.256 
^6 5242 6850 5759 9205 7900 4705 5220 8560 6145 
.1 10708 10502 10654 22487 17583 7467 10188 19702 12401 
0 46.72 54.41 61.40 56.34 57.59 37.81 49.16 50.69 46.67 
-8 1393 2305 2500 2605 2 642 1101 1565 2046 1570 
•2 1145S 7247 12333 30444 22412 5598 11200 2 5779 1<'113 
7 2342 2199 2151 2233 2206 2361 2243 2277 r,2!:o 
1 53 5 525 533 1124 £•79 373 509 9n5 620 
0 9823 2800 5374 llC7f, 8365 5789 8381 13011 9 782 
19 16911 4714 8458 23n!;;e 17243 9644 13013 26413 .10235 
•1 18001 10017 9165 19279 15258 16013 14606 21927 18078 
6 18966 6004 10039 25673 18944 12066 15778 28315 20327 
4 1.121 1.274 1.193 lo076 1.099 lo251 1.142 1.072 1.112 
3 .985 .869 .951 .984 .974 lc005 .983 . 987 .988 
9 , 1222 1353 1896 2105 1960 1129 1371 1709 1401 
5 988R 3990 9228 27339 19287 4526 9441 23397 12373 
9 
-171 -952 -604 -500 -582 28 -194 -337 -169 
8 687 828 1363 981 1081 756 862 724 781 
2054 1291 1631 1805 1701 2421 1965 1902 2042 
1 .983 P867 .939 .962 .971 1.006 1.980 o986 .986 
2 -lo60 -9o06 -5.67 -2o22 -3.31 o37 -1.90 -lc71 -1„36 
4 1155 790 1173 841 938 1622 1235 805 1138 
9 348 104 -222 -143 
R _ 1 R9 1 1 01"Z 
8 
10 
Value feed, livestock and other input 
Labor on livestock (months) 
Labor on livestock (years) 
If $ 
months 
years 
C.O i 
4235 
3.639 
.303 
tvc. 
9963 
4.017 
.335 
12 
13 
lU 
Livestock investment 
Building investiaent 
Total investment 
e 
$ 
2375 
4620 
6995 
4956 
4937 
9393 
16 
17 
18 
Per cent labor on livestock 
Value livestock labor 
Value of all inputs 
per cent 
$ 
27.57 
72 3 
495B 
26.62 
793 
10756 
20 
21 
Labor cost per* nan (wa^e rate) 
Return to investment at 5 per cent 
per man year 2383 
350 
237C 
495 
23 
2h 
2^ 
Feed per man 
Value feed, livestock and other input per man 
Investment per man 
$ per 
$ per 
$ per 
i,Tan 
man 
nan 
year 
year 
year 
8458 
13964 
23064 
17173 
29762 
29555 
27 
2'i 
29 
Product per nan 
Product per feed,-livestock and other input 
Prodi'cl:. per all inputs 
^ per 
^ per 
$ per 
man 
$ 
$ 
year 17584 
1.259 
1.076 
31574 
lc061 
.983 
31 
32 
33 
3U 
Gross residual to labor 
Gross residual to all other than labor 
Residual to investment 
Residual"product of labor 
$ 
$ 
1096 
4610 
375 
748 
606 
9776 
-187 
111 
36 
37 
3b 
39 
Avera!,;e c^ oss residual product of labor 
Average gross residual to all other than labor 
Average roaidual return on investment 
Average residual product of labor 
^ per man 
per ^ 
per cent 
0 per i:ian 
year 
year 
3620 
loOee 
5.36 
2469 
1612 
oPBl 
-1.89 
331 
)4l 
)i2 
li3 
UU 
Ilarginal residual to investment 
Marginal investmpnt 
Marginal residual to labor 
Marginal labor quantity years 
-562 
2898 
U6 
kl 
Average marginal residual return to investment 
Average marginal residual product of labor 
per cent 
^ per man year 
-19o39 
h9 Predicted product II $ 4900 10740 
52 
Marginal product of labor II 
Marginal product of all other than labor II 
$ per 
$ per 
month 
$ 
103.55 
1.049 
205c6C 
.977 
ih 
55 
Group range of labor 
Group range qf all other than labor 
months 
^ For a detailed description of the organization oi the table and specilic defir 
<iOi 'iUC DOU OD 1 coi. ouo noc 'iOC 'i:6 Y 00 1 
4235 99G3 18717 7854 4863 9316 17424 10060 4942 9832 27839 
3.639 4.017 4.386 • 3.847 7.014 7.138 '7.283 7.138 12,580 13,950 13c996 
.303 ,335 .365 .321 .585 .695 .607 .595 1.048 1.162 1.166 
2375 4956 6789 3692 3217 5022 8865 5466 3652 4895 13282 
4620 4937 oa43 5330 4111 5023 6946 5242 6850 5759 9205 
6995 9893 15632 9022 7328 10045 15811 10708 10502 10654 22487 
it 27.57 26.62 30.37 27.74 46,67 49.78 42.30 46.72 64.41 61.40 56.34 
72 3 793 855 761 1409 1347 1448 1393 2305 2500 2605 
4958 10756 19572 8615 6273 10663 18872 11453 7247 12333 30444 
lan year 23G3 2370 2339 2373 2411 2264 2387 2342 2199 2151 (J C/2 
350 495 782 451 366 502 791 53 5 525 533 1124 
lan year 8458 17173 21142 12935 4934 9470 15920 9823 2 800 5374 11C78 
Hn year 13964 29762 51219 24501 8320 15660 28709 16911 4714 8456 25;v;-8 
lan year 23064 29555 42778 28141 12537 168B6 26051 18001 10017 9165 19279 
lan year 17584 31574 55321 27421 10222 18110 30256 18966 6004 10039 25673 
) 1.259 lc061 1.080 1.131 1.229 1.156 1,054 1.121 1.274 1.193 lc076 
j 1.076 .983 1.033 1,032 . D53 1.010 .973 .985 .869 .951 .984 
1098 606 1499 1032 1111 14B7 93S 1222 1353 1896 2105 
4610 9776 19362 8126 4566 9426 16915 9888 3990 9228 27339 
375 -187 644 271 -298 110 -509 -171 -952 -604 -500 
748 111 '717 581 745 955 148 687 S28 1363 981 
lan yoar 3620 1812 4103 3220 1902 2450 l.S-aB 2054 1291 1G31 1805 
? lo089 o981 1.034 1.036 „939 1,012 o971 .983 t.807 • 939 . 982 
it 5.3S "1.89 4„12 3 = 00 -4„07 1,10 -3.22 -1,60 -9,06 -5,67 -2„£2 
•lan year 2469 331 1964 1810 1274 1605 24 4 1155 790 1173 841 
-562 831 408 -619 348 104 
2898 5739 2717 576/^ 152 11833 
-3 844 -569 106 83 408 833 
.282 = 260 .242 .274 .463 .567 .559 
it 
-19o39 14.48 15.02 -10,74 228,95 .83 
man year 
-11 3246 -2351 387 179 720 149C 
4900 10740 19156 5852 10563 18664 7201 11679 30019 
lonth 103.55 205=60 335.86 64.16 113.80 197.07 44.51 . 64.38 lC4.r4 
) 
• 1.049 c977 .928 lc091 1,028 ,..o971 1.336 1.077 .976 
( 1.0-6.0) 6„0-9.4) 
e table and specific definition of items see appendix . > / 
112852 6295 11729 29944 2182 9 5627 11006 25442 13943 
5843 2S35 6248 13621 10215 2700 5846 11691 6710 
3765 1579 3127 13380 8977 1501 3326 11305 £335 
452 427 458 837 677 297 464 737 498 
10060 4942 9832 27839 19B69 4497 9635 23733 12 542 
7.138 12„500 13„950 13c9&6 13.828 5.596 8.370 10.783 8o232 
.595 1.048 1.162 1.166 1.152 .466 .698 .899 .686 
6466 3652 4895 13282 9683 2762 4967 11142 6256 
5242 6850 5759 9205 7900 4705 5220 8560 6145 
10708 10502 10654 22487 17583 7467 10188 19702 12401 
46.72 54.41 61.40 56.34 57.59 37.81 49.16 50.69 4(:.57 
1393 2305 2500 2605 • 2 542 1101 1565 2; 046 1570 
11453 7247 12333 30444 22412 5598 11200 2 5779 
2342 2199 2151 2206 2361 2243 2-d77 :;2ro 
535 ' 525 533 1124 r79 373 509 905 620 
9823 2800 5374 lie 7a 0065 5789 83S1 13011 9 782 
16911 4714 8458 17243 9644 13013 26413 10285 
18001 10017 9165 19279 15258 16013 14606 21927 10078 
18966 6004 10039 25673 18944 12066 15778 28315 20327 
1.121 1.274 1.193 lc076 1.099 1„251 1.142 1.072 1.112 
.985 .869 .951 .984 .974 lo005 .983 
CO 
.988 
1222 1353 1896 2105 1960 1129 1371 1709 1401 
9888 3990 9228 27339 19287 4526 9441 23397 12373 
-171 -952 -604 -500 -502 28 -194 -337 -169 
687 828 1363 981 1081 756 862 724 781 
2054 1291 1631 1805 1701 2421 1565 1002 2042 
.903 p807 . 939 .982 .971 I0OO6 1.9Q0 = 986 .986 
-lo60 -9„06 -5oG7 —2 o 2 2  -3c31 »37 -i.j;o -lc71 -lo36 
1155 790 1173 841 938 1622 1235 805 1138 
348 104 -222 -143 
152 11833 2721 9514 
106 83 408 833 , 394 
,274 • .463 .567 .559 .557 
228„95 .08 -8.16 -1.50 
387 179 720 1490 707 
7201 11679 30019 • 11^986 
44.51 64.38 1C-1.!:'4 130.65 
1.336 1.077 .978 loOll 
(6„0-P.4) 
. 9c5-28.8; 
(653- (6948- (12401-
6921) 12283) 75582) 
/ 
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Table •'2. South Iowa 1950, F 
Sample Average and Groups Stratifie 
Line Item Unit or 
NOo Measurei.ient 
..U IS 
1 Number of farms number 18 20 
2 Per cent of farms in the group per cent 12o6 14.0 
h Total product $ 3375 6736 
5 Feed input $ 1709 3699 
6 Livestock input $ 987 2031 
7 Other input $ 142 230 
8 Value feed, livestock and other input $ 2838 5960 
9 Labor on livestock (months) months 3„320 4.705 
10 Labor on livestock (years) years .318 .392 
12 Livestock investment $ 2580 3459 
13 Building investment $ 2893 3368 
Ih Total investment 5473 6826 
•16 Per cent labor on livestock per cent 31<,580 33.934 
17 Value livestock labor 756 940 
18 Value of all inputs 3594 6900 
20 Labor cost per man (wa^e rate) $ per man year 2375 2398 
21 Return to investment at 5 per cent $ 274 341 
23 Feed per man $ per man year 5370 9435 
2U Value feed, livestock and other input per man $ per iiHn year 0925 15204 
2iJ Investment per man § per' man year 17211 17413 
27 Product per man $ per man year 10613 17184 
28 Product per feed, livestock and other input $ per $ 1,189 1.130 
29 Product per all inputs $ per $ ,939 .976 
31 Gross residual to labor 537 776 
32 Gross residual to all other than labor $ 2619 5796 
33 Residual to investment $ 
-219 -164 
3U Residual product of labor 263 435 
36 Averatie cross residual product of labor , ^ per man year 1687 1980 
37 Averaf^e nross residual to all other than labor ^ per e923 .972 
3b Average rc^jidual return on investment per cent 
-4,00 -2.40 
39 Avcrajje residual product of labor per inan year rio o U'- 1 1110 
\ -1 • 1 • 1 -1 J. • A. . 1. .K 
South Iowa 19^0, Per Farm Group Data for Livestock Production 
^e and Groups Stratified by Months of Labor and Value of All Other Inputs® 
Group 
Labor Labor I 
11 IS , 13 1 21 2 2  23 2 31 32 33 
18 20 10 48 16 15 17 48 14 13 20 
12 „6 14.0 7.0 33.6 11.2 10,5 11.9 33.6 9.8 9.1 14c0 
3375 6736 15491 7299 4825 7535 15817 9565 3890 7082 17028 j 
1709 3699 8554 3964 2038 410S 7445 <!600 2118 3792 79 73 
987 2031 4678 2191 1173 ^ 1920 5066 2785 888 • 2060 .'•).^17 
142 230 538 2 61 188 286 398 293 168 288 ei4 
2338 5960 13770 6416 3399 6314 12909 7678 3174 6140 14404 
3o820 4.705 3.670 4.157 6.769 6.847 6.918 6.846 9.293 11.485 12.700 1] 
.318 .392 <,306 .346 .564 .571 .576 .570 .774 .957 1.058 
2580 3459 7903 4055 3252 4569 7810 5278 2902 5240 9834 
2893 3368 6455 3833 2117 3903 4328 3458 2700 3983 7655 
5473 6826 14358 7888 5369 8472 12138 8736 5602 9223 17489 ] 
31o580 33.934 27.025 31„63 47.44 48c93 44o31 46.70 54.16 54.55 55.10 P 
756 940 754 833 1378 1404 1382 1386 1790 2070 2343 
3594 6900 14524 7249 4777 7717 14290 9064 4964 8210 16748 ] 
3ar • 2375 2398 • 2464 2404 2442 2460 2397.. 2430 2312 2163 2214 
2 74 341 718 394 268 424 607 437 280 461 874 
3ar 5370 9435 27972 11443 3613 7201 12915 8063 2735 3962 7553 
aar G925 15204 45000 18543 6027 11058 22411 13470 4101 6416 13614 3ar 17211 17413 46922 22798 9520 14837 21073 15326 7238 9637 16530 ] 
sar 10613 17184 50624 21095 8555 13196 27460 16781 5026 7400 1G095 ] 
1.189 1.130 1.125 1,138 1.419 lcl93 1.225 1.246 1.226 1.153 1.182 ] 
,939 .976 1.067 1.007 1.010 .976 1.107 1.055 .784 .863 1.017 
537 776 1721 883 1426 1221 2908 1887 716 942 2624 
2619 5796 14738 6467 3448 6132 14435 817B 2099 5012 14685 
-219 -164 967 50 48 -183 1526 501 -1074 -1128 281 
263 435 1003 489 1158 797 2301 1450 436 481 1750 
sar 1687 1980 5629 2550. 2528 2141 i:044 3307 924 904 2479 
o923 .972 1.070 I0OO8 1.014 .971 1.118 1.065 .662 .816 1.020 
3ar 
-4,00 -2.40 6.73 o63 <,89 -2a6 , 12.57 5.73 -19.17 -12.23 I06I • 
rio <7 1  1110 3273 1413 2053 1396 3995 2544 563 503 1654 
ction 
Other Inputs^ 
Group 
Labor Labor Capital Capital Capital Ml 
2 31 32 33 <u 1 9 3 farms 
7 48 14 13 20 47 48 48 47 143 
3 53,6 9.8 9.1 14.0 32 .,9 33.6 33.6 32.9 100.0 
7 9565 3890 7082 17028 103G4 4008 7079 162G3 9067 
i 4 600 2118 3792 V973 5073 1938 3352 70 OS •1542 
5 2785 088 2060 5310 1020 2004 5303 2758 
i 293 168 288 CU 391 165 263 520 315 
1 7678 3174 6140 14404 P773 3123 6119 13729 7614 
i 6.846 9.293 11.485 12.700 11.349 6.399 7.210 8.687 7.423 
' 
.570 .774 ,957 1.058 .946 .533 .601 .724 .619 
) 5278 2902 5240 9834 6499 2898 4288 8691 5268 
1 3458 2700 3983 7655 5163 2578 3702 6196 4144 
8736 5602 9223 17489 11662 5476 7989 1488 7 9413 
46.70 54.16 54.55 55.10 54.71 44.76 45.48 47o36 45o97 
1386 1790 2070 2543 2103 1267 1400 1672 1445 
9064 4964 8210 16748 10876 4380 7519 15401 9060 
2430 2312 2163 2214 2224 2375 2330 2310 2336 
437 280 461 874 585 274 399 744 471 
0063 2735 3962 7533 5363 3634 6411 10920 7342 
13470 4101 6416 13614 9274 5859 10181 18963 12300 
15326 7238 9637 16530 12328 10274 13293 20562 15207 
16781 5026 7400 16095 10956 7520 11779 22463 14648 
1.246 1.226 1.153 1.182 1.181 1,284 1.157 1.1B5 1.191 
1.055 .784 .863 1.017 .953 .913 .941 1.056 1.001 
1807 716 942 2624 1590 866 960 o f-r r: Ci J 145o 
817B 2099 5012 14685 8261 2742 5679 14591 7622 
1 501 -1074 -1128 281 -513 -381 -440 063 B 
1450 436 481 1750 1007 612 561 1791 982 
\ 3307 9^4 9154 2479 1682 1661 1598 3501 2348 t 1.065 ,662 .810 1.020 .942 o878 ,928 1.063 1.001 
' 
b.73 -19.17 -12.23 1,61 -4p40 -6o96 -5.51 5.80 .06 
2544 563 503 1654 1064 1148 933 2474 1586 
^ -
lb 
12 
13 
Ih 
16 
17 
18 
20 
21 
23 
2h 
25 
27 
28 
29 
31 
32 
33 
3li 
36 
37 
3b 
39 
)4l 
h? 
k3 
UU 
U6 
kl 
k9 
51 
52 
5U 
55 
Labor on livestock (years) 
Livestock investment 
Building investment 
Total investment 
Per cent labor on livestock 
Value livestock labor 
Value oi' all inputs 
monx-ns 
years 
$ 
per cent 
$ 
3„820 
.318 
4.705 
.392 
2580 3459 7 
2893 3368 6 
5473 6826 14 
31„580 33.934 27. 
756 940 
3594 6900 lA 
Labor cost per man (viage rate) 
Return to investment at 5 per cent 
Feed per man 
Value feed, livestock and other input per man 
Investment per man 
Prociuct pf.:i' titan 
Product per feed, livestock and other input 
Product per all inputs 
Gross residual to labor 
Gross residual to all other than labor 
Residual to investment 
Residual product Ox labor 
Average gross residual product of labor 
Average gross residual to all other than labor 
Average ro^idual return on investment 
Average residual product of labor 
^ per mai-\ year 
$ 
ft ^ per man year 
$ per man year 
^ per' iian year 
§ per man year 
$ per $ 
$ per $ 
$ '  
$ $ 
$ 
$ per man year 
^ per 
per cent 
(p per i,ian year 
2375 
274 
5370 
0925 
17211 
10613 
1 = 169 
,Sy39 
537 
2619 
-219 
263 
1687 
c923 
-4.00 
2398 2 
341 
9435 27 
15204 45 
17413 46 
17184 5C 
1.130 1. 
.976 1. 
776 1 
5796 14 
-164 
435 1 
1980 5 
.972 1. 
-2.40 6 
1110 o 
Marginal residual to investment 
Marginal invpstwpnt 
Marginal residual to labor 
Marginal labor quantity 
Average marginal residual return to investment 
Average marginal residual product of labor 
Predicted product II 
Marginal piroduct of labor XI 
Marginal product of all other than labor II 
Group Irange of labor 
Group range of all other than labor 
$ 
$ 
years 
per cent 
$ per man year 
$ 
$ per month 
I per $ 
months 
55 
1353 
4o06 15 
3279 6962 
100o09 172.53 4B9 
lcl35 1.147 1. 
^ For a detailed description of the organization ox the table and speciiic definitic 
3.820 
.318 
2580 
2893 
5473 
4.705 
.392 
3.670 
<,306 
3459 7903 
3368 6455 
6826 14358 
31„580 33.934 27.025 
756 940 754 
3594 6900 14524 
O'J-IO ooyy bSJ.4 li;909 7678 3174 6140 14404 8 
4.157 6.769 6.847 6.918 6.846 9.293 11.485 12.700 11. 
. 346 .564 .571 .576 .570 .774 ,957 1.058 t 
4055 3252 4569 7810 5278 2902 5240 9634 6 
3833 2117 3903 4328 3458 2700 3S83 7655 5 
7888 5369 8472 12138 8736 5602 9223 17489 11 
31„63 47.44 48.93 44.31 46,70 54.16 54,55 55.10 54 
833 1378 1404 1382 1386 1790 2070 2343 2 
7249 4777 7717 14290 9064 4964 8210 16748 10 
2404 2442 2460 2397 2430 2312 2163 2214 2 
394 268 424 607 437 280 461 874 
11443 3613 7201 12915 8063 2735 3962 7533 5 
18543 6027 11058 22411 13470 4101 6416 13614 9 
22798 9520 14837 21073 15326 7238 9637 16530 12 
21095 8555 15196 27460 16781 5026 7400 16095 10 
Ic 138 1.419 lclP3 1.225 1.246 1.226 1.153 1.182 1. 
1.007 1.010 .976 1.107 1.055 .784 .863 1.017 • 
883 1426 1221 2908 1887 716 942 2624 1 
6467 3448 6132 14435 8178 2099 5012 14685 8 
50 48 -183 152S 501 -1074 -1128 281 
489 1158 797 2301 1450 436 4B1 1750 1 
2550 2523 2141 vj 044 3307 9^4 984 iJ47S 1 1.008 1.014 .971 1.118 1.065 .6 62 .316 1.020 
o63 .89 -2.16 12.57 5.73 -19.17 -12.23 1.61 -4 
1413 2055 1396 3995 2544 563 '503 1654 1 
-231 1709 
-54 1409 
3103 36 G6 3621 8266 
895 362 1298 961 -722 -316 -551 
.246 .179 .270 .224 .210 .386 .482 
• 
3638 
-7.44 46.62 
-1.49 17.04 
2022 4807 4290 -3438 -819 -1143 -1 
4185 7698 15556 4061 7956 18595 
72.09 131.09 262.19 50.95 80o77 170.72 
r.209 1.197 1.183 1.256 1.272 1.268 
2375 
274 
5370 
0925 
17211 
10613 
1,189 
,939 
537 
2619 
"219 
263 
1687 
o923 
-4o00 
2398 
341 
9435 
15204 
17413 
17184 
1.130 
.976 
776 
5796 
-164 
435 
1980 
.972 
-2.40 
1110 
2464 
718 
27972 
45000 
46922 
50624 
1.125 
1.067 
1721 
14738 
967 
1003 
5629 
1.070 
6.73 
55 
1353 
1131 
7532 
4„06 15„02 
3279 6962 15392 
100.09 172.53 489o02 
lol35 1.147 1.098 
( 1 . 0 - 6 . 0 )  (6.0-7.9) 
e and specilic derinition oi' items see appendix . 
U9 7678 3174 6140 14404 P773 3123 6119 13729 "7614 
18 6.846 9.293 11.485 12.700 11.349 6.399 7.210 8.687 7.423 
76 .070 .774 .957 1.05R .946 .533 .601 .724 .619 
10 5278 2902 5240 9834 6499 2898 4288 8651 5268 2 8 3458 2700 3983 7655 5163 2578 3702 6196 4144 
38 8736 5602 9223 17489 11662 5476 7989 14887 9413 
31 46.70 54.16 54.55 55.10 54.71 44.76 45.48 47o36 45o97 
82 1386 1790 2070 2343 2103 1267 1400 1672 1445 
90 9064 4964 8210 16748 10876 4389 7519 15401 9060 
97 2430 2312 2163 2214 2224 2375 2330 2310 2336 
07 437 280 461 874 583 274 399 744 471 
15 8063 2735 3962 7553 5363 3634 6411 10920 7342 
11 13470 4101 6416 13614 9274 5859 10181 18963 • 12300 
73 15326 7238 9637 16530 12328 10274 13293 20562 15207 
60 16781 5026 7400 16095 10956 7520 11779 22463 14648 25 1.246 1.226 1.153 1.182 . 1.181 lo284 1.157 1. 1B5 1.191 07 1.055 .784 .863 1.017 .953 .913 .941 1.056 1.001 
08 1887 716 942 2624 1590 886 960 o rr rr KilJ J 145;) 
35 8178 2099 5012 14685 8261 2742 5679 14591 7 0 2 2  25 501 -1074 -1128 281 -513 -381 -440 063 
01 1450 436 4'31 1750 1007 612 561 1791 982 
•44 3307 924 984 2479 1682 1661 1598 3501 2348 18 1.065 ,662 .816 1.020 .942 o878. ,923 l.OGo 1.001 67 b.73 -19.17 -12.23 lo61 -4„40 -6 o 96 -5.51 5,80 oOe 95 2544 563 503 . 1654 1064 1148 933 2474 1586 
39 
-54 1409 
-59 1303 66 3621 8266 2513 6898 
38 961 -722 -316 -551 -443 
70 o224 .210 .386 .482 .376 
52 
-1.49 17.04 
-2.35 18„89 
D7 4290 -3438 -819 -1143 -1178 
56 4061 7956 18595 9324 
19 50.95 80o77 170.72 148.46 
=?3 1.256 1,272 1.268 1.203 
( 3.0-7.9) ( 8.0-21.9) 
(403- (4573- (7891-
= 4543) 7834) 45402) 
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Table 53. Alabama 19^0, P( 
Sample Average and Groups Stratifii 
Line Item Unit of 
No o Measurement 
11 12 
1 Number of farms number 28 8 
2 Per cent of farms in the group per cent 21.05 6.02 
h Total product $ 333 577 
5 Feed input $ 135 360 
6 Livestock input $ 53 126 
7 Other input $ 22 50 
8 Value feed, livestock and other input $ 210 526 
9 Labor on livestock (months) months lo318 1.338 
10 Labor on livestock (years) years ollO .112 
12 Livestock investment $ • 243 436 
13 Building investment $ 249 558 
Ih Total investment 492 993 
l6 Per cent labor on livestock per cent 12.77 11.63 
17 Value livestock labor 130 131 
18 Value of all inputs $ 340 658 
20 LaVjor cost per mn (wage rate) ^ per man year 1183 1178 
21 Return to investment at per cent $ 25 50 
23 Feed per man % per man year 1228 3138 
2h Value feed, livestock and other input per man per mn year 1913 4722 
2^ Investment per man $ per raan year 4484 8906 
27 Product pel' nan $ per iian year 3034 5177 
28 Product per feed, livestock and other input ^ per $ 1.585 1.096 
29 Product per all inputs $ per ^  
.980 .877 
31 Gross residual to labor 123 51 
32 Gross residual to all other than labor 203 446 
33 Residual to ijivestment 
-7 -80 
•3U Residual product of labor t? 98 1 
36 Average gross residual product of labor per man year 1120 455 
37 Averaj^e gross residual to all other than labor ^ per ^ 
.967 .847 
3b Average roaidual return on investment per cent 
-1,42 -8.06 
39 Average residual product of labor 0 per man year 891 9 
)4l Marginal residual to- investment $ 
-73 
)|2 Marginal investment 501 
li3 Marginal residual to labor $ 
•ble 53. Alabama 19$0, Pel- Farm Group Data for Livestock Production 
'age and Groups Stratified by Months of Labor and Value of All Other Inputs^ 
t Group 
Labor Labor 
11 12 13 1 21 22 23 2 31 32 33 
28 8 9 45 17 18 9 44 0 18 26 
21.05 6.02 6.77 33.83 12.78 13.53 6.77 33,08 0 13.53 19.55 
333 577 2011 712 479 6 69 1633 793 0 758 3735 
135 350 1213 389 144 332 726 340 0" 305 1593 
53 126 678 191 76 154 529 201 0 204 1027 
22 50 73 37 36 31 69 40 0 47 146 
210 526 1964 617 257 516 1325 581 0 5B5 2766 
1»318 1.338 1.433 lo344 2.447 2.267 2.611 2.407 0 5.367 7.942 
ollO .112 .119 .112 .204 .189 .218 .201 0 .447 „662 
• 243 436 1040 437 358 466 1016 537 0 655 1684 
249 558 790 412 369 320 733 423 0 486 963 
492 993 1830 849 727 786 1750 960 0 1141 2647 
12.77 11.63 13.16 12o63 17,49 19.50 18.12 18.36 0 29,75 43.23 
130 131 157 135 245 226 261 241 0 540 783 
340 658 2121 753 501 743 1586 822 0 1096 3550 
year 1183 1178 1315 1209 1200 1198 1201 1200 0 1208 n^3 
25 50 92 42 36 39 88 48 0 57 132 
year 1228 3138 10156 3470 707 1759 3339 1696 0 682 2407 year 1913 4722 16444 5508 1259 2734 6089 2899 0 1242 4180 year 4484 8906 15325 7578 3563 4159 8042 4786 0 2551 4000 
year 3034 5177 16840 6357 2350 3540 7508 3953 0 1695 5643 
1.585 1.096 1.024 lcl54 1.868 1.295 1.233 1.364 0 1.365 lo350 
.980 .877 .948 .946 „956 .900 1.030 ,965 0 .692 1.052 
123 51 47 95 223 152 309 211 0 203 968 
203 446 1854 577 235 442 1372 552 0 218 2951 
-7 -80 -110 -40 -22 -74 48 -30 0 -337 185 
98' 1 -45 53 187 113 221 163 0 146 336 
year 1120 455 396 848 1092 806 1420 1054 0 453 . 1463 
.967 o847 .944 .934 .914 .856 1.036 .950 0 .392 1.067 
par 
-1.42 -8.06 -6.01 -4o71 -3,03 -9.41 2.74 -3.12 0 -29.54 6.99 
891 9 -378 473 917 598 1014 811 0 327 1263 
-73 -30 -52 122 mm 522 
1 
501 837 59 964 — 1506 
1 or> 1 1 O O n 1 
roduction 
All Other Inputs^ 
Group 
23 
Labor Labor Capital Capital Capital All 
2 31 32 33 3 1 2 3 farms 
9 44 0 18 26 44 45 44 44 133 
6.77 33„08 0 13.53 19.55 33.08 33.83 33,08 33.08 100.00 
1633 793 0 758 3735 2517 388 689 2952 1336 
726 340 0 305 1593 1066 138 324 1338 597 
529 201 0 204 1027 690 62 169 854 359 
69 40 0 47 146 106 27 41 116 61 
1325 581 0 555 2766 1862 228 534 2307 1017 
2.611 2.407 0 5.367 7.942 6.8B9 1.744 3.366 5,520 3.530 . 
.218 .201 0 .447 ,662 .574 ,145 .280 .460 .294 
1016 537 0 655 1684 1263 286 538 1416 743 
733 423 0 486 963 768 294 431 881 534 
1750 960 0 1141 2647 2031 581 969 2297 12 77 
18.12 18.36 0 29,75 43.23 37.77 14.90 23,66 3^.43 2B.27 
261 241 0 540 783 685 173 337 554 353 
15 B6 822 0 1096 3550 2547 401 871 2862 1370 
1201 1200 0 1208 11?3 1193 1191 1200 1205 1199 
8B 48 0 57 132 102 29 48 115 64 
, 3339 1696 0 682 2407 1857 952 1157 2909 2029 
'6089 2899 0 1242 4180 3245 1566 1904 5015 3458 
8042 4786 0 2551 4000 3538 3996 3453 4992 4340 
7508 3953 0 1695 5643 4385 2672 2455 6417 4541 
L.233 1.364 0 1.365 1,350 lo352 1.706 1.289 1.280 1.313 
1.030 o965 0 .692 1.052 .988 oP69 ,791 1,032 .975 
309 211 0 203 968 655 161 154 645 319 
1372 552 0 218 2951 1832 215 352 2398 983 
48 -30 0 -337 185 -30 -12 -183 91 -34 
221 163 0 146 836 553 132 106 530 255 
1420 1054 0 453 , 1463 1141 1105 550 1402 1084 
L.036 .950 0 .392 1.067 .984 • .945 .659 1,039 .967 
•2.74 -3.12 0 -29.54 6.99 -1.48 -2.07 -18.89 3,96 -2,66 
^1014 811 0 327 1263 963 910 379 1152 867 
, 122 — 522 
-171 274 
964 
- 1506 " 388 1328 
266 110 - 33 615 390 
.099 . .089 - AAA. 
12 Livestock investment $ • 243 436 K 
13 Building investment $ 249 558 ' 
Ih Total investment $ 492 993 11 
16 Per cent labor on livestock per cent 12.77 11.63 13 
17 Value livestock labor 130 131 
18 Value of all inputs $ 340 658 z: 
20 LaVjor cost per nan (wage rate) per man year 1183 1178 h 
21 Return to inventmeat at 5 per cent 25 50 
23 Feed per man ^ per iran year 1228 3138 10 
2h Value feed, livestock and other input per man $ per ran year 1913 4722 16. 
2,^  Investment per man $ per nan year 4484 8906 15 
27 Product per nan per nan year 3034 5177 16 
28 Product per feed, livestock and other input $ per $ 1.585 1.096 1. 
29 Pri:)duct per all inputs $ per 1 
.980 .877 • 
31 Gross residual to labor 123 51 
32 Gross residual to all other than labor 203 446 1 
33 Residual to investment $ 
-7 -80 
3U Residual product of labor $ 98 1 
36 Average gross residual product of labor per man year 1120 455 
37 Average f^ross residual to all other than labor per ^ 
.967 o847 
3o Average rooidual return on investment per cent •-1.42 -8.06 -6 
39 Average residual product of labor 0 per man year 891 9 
)4l llarginal residual to investment iip 
-73 
)i? Marginal investfierit A 501 
k3 Marginal residual to labor 1 
UU Marginal labor quantity- years 
U6 Average marginal residual return to investment per cent 
-14.57 -3 
U7 Average marginal residual product of labor per man year 
k9 Predicted product II $ 310 614 1 
^1 Marginal product of labor II $ per month 54.81 107ol9 27C $2- Marginal product of all other than labor II $ per $ loO&5 „868 • 
Group range of labor months 
Group range of all other than labor 
^ For a detailed description of the organization of the table and specific deriniti< 
• 243 436 1040 437 358 466 1016 537 0 655 1684 1 
249 558 790 412 369 320 733 423 0 486 963 
492 993 1830 849 727 786 1750 960 0 1141 2647 2 
12,77 11.63 13.16 12.63 17,49 19.50 18.12 18.36 0 29,75 43.23 37 
130 131 157 135 245 226 261 241 0 540 783 
340 658 2121 753 501 743 1586 822 0 1096 35bQ 2 
.r 1183 1178 1315 1209 1200 1198 1201 1200 0 1208 11^3 1 
25 50 92 42 36 39 88 48 0 57 152 
ir 1228 3138 10156 3470 707 1759 3339 1696 0 682 2407 1 ir 1913 4722 16444 5508 1259 2734 6089 2899 0 1242 4180 3 ir 4484 8906 15325 7578 35 63 4159 8042 4786 0 2551 4000 3 
ir 3034 5177 16840 6557 2350 3540 7508 3953 0 1695 5643 4 
1.585 1.096 1.024 1,154 1.868 1.295 1.233 1.364 0 1.365 1,350 1, 
.980 .877 .948 c946 o956 .900 1.030 ,965 0 .692 1.052 • 
123 51 47 95 223 152 309 211 0 203 968 
203 446 1854 577 235 442 1372 552 0 218 2951 1 
-7 -80 -110 -40 -22 -74 48 -30 0 -337 185 
98 1 -45 63 187 113 221 163 0 146 836 
ir 1120 455 396 848 1092 806 1420 1054 0 453 . 1463 1 
.967 o847 .944 .934 .914 .856 1.036 .950 0 .392 1.067 • 
ir 
-1.42 -8.06 -6.01 -4o?l -3,03 -9.41 2.74 -3.12 0 -2S.54 6.99 - ]  
891 9 -378 473 917 598 1014 811 0 327 1263 
-73 -30 -52 122 mm 522 
501 837 59 964 — 1506 
89 112 266 110 - 33 615 
,094 .077 .099 .089 
- .258 .444 « 
-14.57 -3.58 -88.14 12.66 _ 54.G6 
947 1455 2607 1236 
- 120 1585 
310 614 1662 415 685 1427 0 884 5197 
54.81 107a9 270.70 39.62 70.52 127.56 0 38,46 &3.95 
lo0&5 o868 .629 1.201 .986 ,800 0 1.184 .859 
( 1.0-1,8) (1.8-3.3) 
.1 
( 5.4-
,e and specific definition of items see appendix . . / 
• — • -z\j \J 
6 537 0 655 1684 1263 286 538 1416 743 
3 423 0 486 963 768 294 431 881 534 
0 960 0 1141 2647 2031 581 969 2297 1277 
2 18.36 0 29o75 43.23 37.77 14.90 23.66 3^.43 SR.27 
1 241 0 540 783 685 173 337 554 353 
•6 822 0 1096 3550 2547 401 871 2862 1370 
a 1200 0 1208 11^3 1193 1191 1200 1205 1199 
R 48 0 57 152 102 29 48 115 64 
9 1696 0 682 2407 1857 952 1157 2909 2029 
9 P.899 0 1242 4180 3243 1566 1904 5015 3458 
2 4786 0 2551 4000 3538 3996 3453 4992 4340 
8 3953 0 1695 5643 4385 2672 2455 6417 4541 
3 1.364 0 1.365 lo350 1„352 1.706 1.289 1.280 1.313 
0 o965 0 .692 1.052 .988 ,969 o791 1,032 .975 
9 211 0 203 968 655 161 154 645 319 
2 552 0 218 2951 1832 215 352 2398 983 
8 -30 0 -337 185 -30 -12 -183 91 -34 
1 163 0 146 836 553 132 106 530 255 
0 1064 0 453 , 1463 1141 1105 550 1402 1084 
6 .950 0 .392 1.067 .984 • .945 .659 1.039 .967 
4 -3.12 0 -29.54 6.99 -1.48 -2.07 -18.89 3,96 -2,66 
4 811 0 327 1263 963 910 379 1152 867 
2 — 522 
-171 274 
4 
- 1506 3R8 132R 
3 110 - 33 615 390 
9 ,089 
- .258 .444 .373 
S 54.66 1 • o
 
20.63 
7 1236 - 12 G 13 B5 104-6 
7 0 884 5197 ]258 
5 0 ?8o46 93.95 6 3.18 
) 0 1.184 .859 .919 
(1.8-3.3) ( 3.4-28,8) 
(11- (363- (842-
357) 837) " 9082) 
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than through cattle in Morth Io\»a in theyoar 1950. In Alabama the 
low level is largely the rr-sult of exceedingly small aggregate 
quantities of resources (and output) per farm unit. Evidence of the 
possibility of quite reasonablo retuma for the larger outputs is 
provided in the marginal residual products on "entering" colle 23 and33, 
'fhis is especially obvious in cell S3. This difference is probably due 
to the use of considerably better production techniques os-.well as the 
use of larger quantities of resources. 
C. All "Farm Resources. 
The comparisons in the two previous sections were for crops and 
livestock taken separately. Data for the farms stratified by 
thirds in terms of labor find capital services used for both crops 
and livestock taken together are presented in Tables 54 to S7 
inclusive. No marginal products calculated from the functions are 
presented. In general the rglationships appearing in the previous 
tables also appear in this group. There is, however, some loas of 
information when crop and livestock production are aggregated into the 
"single" activity "farm production". These data oombinod with 
information taken from tho previous tabulations may be interpreted 
with a reasonable degree of certainty. Call 21 in Montana and 
oomputationa based upon it may be omitted since there are only two 
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farms in the coll and it appearb that the value of land per acre has 
been seriously underestimated in this cell. Another "sampling error" 
has occurred in cell 19 in North Iowa* Although capital services there 
have increased greatly, total investment in resources has declined 
with respect to cell 12. This is largely due to a substantial shift 
to livestock production* 
In Montana* North Iowa eind Alabama there is a distinct tendency 
for the ratio of livestock output to resources used to be much 
higher at the larger outputs than at the smaller ones* This is also 
true within labor, between capital groups and within capital, between 
labor groups* The same is true for South Iowa but to a much smaller 
degree* The ratio of the various livestock resources to crop resources 
used also increases in the same way and again South Iowa tends to be 
the exception* 
The aggregate quantity of services, measured in terms of all 
services, is much higher in Alabama* The difference in total invest­
ment is even wider* The aggregate quantity of resources and output 
par farm is highest for Uontana, followed by North Iowa and South 
Iowa* The quantity of labor per farm is also in the order given 
above but the differences are relatively quite small* Total Investment 
per man also is in the same order but the ratio, crop capital services 
per man, is highest in North Iowa followed by Montana, South Iowa and 
AlabEooa, in that order* This difference is due largely to the 
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relative in^ortanoe of liveetook to crop resouroes in the areas and 
the relative value of land per aore. 
The orop product per crop aore in Montana, North Iowa and South 
Iowa shows only a slight tendency to increase in going to higher 
labor groups* This increase is quite marked in Alabama in going from 
the low-labor cells to the mid-labor cells* This indicates poorer 
techniques used on the part-time farms (note the small labor 
quantities)* It may also indicate a poorer quality of land on these 
farms* In Montana the product per acre declines markedly as output 
increases and the ratio of pasture land to cropland increases* This 
is not evident in the other samples* This is one of the "causes** 
given earlier for the rapidly declining returns to scale in the 
aggregate Cobb-Douglas function in Montana* 
The ratio, orop product per all services used on orops, shows 
quite wide differences between saiqiiles and is more stable within 
areas than between them* There is a higher variability within 
South Iowa and Alabama than in the other two areas* The ratio is 
highest in Montana followed by North Iowa, South Iowa and Alabama 
in that order* In practioally all oases the ratio of orop ou-^ut to 
all crop services is lower in the low capital groups than in the 
others* The ratio of total livestock output to total livestock 
services shows little difference between areas and relatively much 
more within areas* Alabama would have been considerably below the other 
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areas, however, if the same price per unit of labor had been used. 
The ratio of outnut to input (those mentioned inmediately above) 
for crops is much higher than for livestock in Montana, This difference 
in ratios is loss in North Iowa and smaller again in South Iowa. 
In Alabama, however, the ratio of output to input is higher for livestock 
than for crops in total, and in most of the cells, These differences 
between saTi|)les and the shifting relative importance of croo and 
livestock production as output increases explain in a large part the 
difference between the samples in the rosidual productivities and 
also the differences in the residuals between cells within the 
sample area. The combined influence of ths differences and shifts 
have a distinct "downward pull" on the productivity/- of all resources 
taken together which is not evident and is not true of crop and 
livestock production treated BOparatelv. 
The averti e residual products of labor in lines 65, 66 and 67 in 
Tables 54 to 57 inclusive indicate to a certain extent the effects of 
the downward pull and also indicate somo of the loss of information which 
is brought about by the aggregation process. In Montana the largest 
average residual product of labor for crops is in coll 12 while for 
livestock it is in cell 33, The largest for both taken together is in 
cell 12. It appears that the optimum ratio of capital to labor 
may be considerably hi^er for crops than for livestock. This may 
or may not be true. The dominant influence of the changing composition 
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of the total product is evident in that even though the residual to 
labor for livestock in cell 33 is highest, it is still loner than the 
corresponding residual for crops* The residual for the total is* 
therefore, "defective". In North Iowa the highest residual to labor 
for livestock is in cell 13* This may be due to sampling error since 
there are only five observations in the cell* There is a marked 
differential in the size of the residual in every other cell eoid crops 
are considerably higher* 
In South Iowa the highest residual to labor for livestock is in 
cell 23 and that for crops is in cell 13. Again, with the exception 
of this cell, all of the residuals are higher for crops than for 
livestock. In Alabama the high residual for livestock is in cell 23 with 
cell 13 a close second* For crops the high is in cell 23* In all 
areas the cello with low capital or low capital-labor ratios show 
the lowest labor residuals almost without exception for all three 
types of outputs (crops, livestock and the two taken together)* 
In all of the above cases, the residuals include interest on all 
investment except leind in crop production and in combined crop and 
livestock production* If interest on investment in machinery and 
livestock had been removed, the differentials would have been even 
larger* VQiereas these do not necessarily indicate that the 
productivity of crop labor is higher than livestock labor, they do 
indicate that the general level of productivity of all resources 
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(labor and oapital) combined is higher for crops than for livestock. 
This was indicated in the "product per all services'* ratio con^arisons 
considered earlier* 
Coiq>aring, now, the average residual product of labor (all 
interest removed) and the average residual return on investment 
between the cells* there is a distinct increase in both the residual 
to labor and the residual to investment within labor and between 
capital strata for all areas except in Montsma. The increase is not 
as marked in North Iowa as in the other two areas* It is to be 
expected that the residual to investment in such con^arisons would 
decrease* This may again be attributed in part to the chaxiging 
proportion of livestock to crop output* In the con^arisons within 
capital, between labor in South Zowa both residuals decrease whereas 
the residual to oapital is expected to increase* This indicates that 
labor is relatively overpriced and that capital is relatively under-
priced at the rates used in finding the residuals* In addition the 
rate of return to both variables in the high outputs and higher 
capital-labor ratios is higher than for low outputs and low 
capital-labor ratios* In Alabama in the conparisons between labor, 
within oapital strata the residual to labor increases across labor 
in the low oapital strata and increases then decreases across labor 
in the two largest oapital strata while oapital consistently 
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Table 54. : 
Sample Average and G: 
Unit of 
Measurement 
1 Number of farms number 
2 Per cent distribution of farms per cent 
4 Total product 
5 Crop product I 
6 Livestock product 
8 Cropland acres 
9 Pasture land acres 
10 Total land acres 
11 Labor on crops months 
13 Value of land services « 
14 Value of machine services S 
15 Value of crop services $ 
16 Value of all crop capital services $• 
17 Value of crop labor 
18 Value of all crop services $ 
20 Feed i-
21 Livestock inout e 
22 Other livestock input 
23 Value of all livestock capital services ' .t 
24 Labor on livestock months 
25 Value of livestock labor e 
26 Value of all livestock services $ 
Line Item 
Noc 
28 Land investment 
29 Machine investment 
30 Livestock investment 
31 Building investment 
32 Fence investment 
33 Total investment 
35 Total labor (months) 
36 Total Ifibor (years) 
37 Value of all labor 
38 Value of all services except lar.d and labor 
59 Value of all services except land A »> Tr--*... . n  ^ f  ^
WX (AXX vxwou J_ 1 - 1- -WJVOVU U XAUVJ. 
41 Value of all services 
$ 
months 
years 
.•ft 
f. 
A 
43 
44 
A K 
Per oent labor on orops 
Value lebor per man (wage rate) 
1«« J 
per oent 
$ per man year 
Table 54. Montana 1950; Per Farm Group Data for Total Farm Production, 
Sample Average and Groups stratified by Months of Labor and Value of Capital Services^ 
Unit of 
Measurement Group' 
Labor Labor 
11 12 13 1 21 22 23 2 31 7 
number 36 15 0 . 51 13 23 14 50 2 
per cent 23.84 9.93 0 3:5 0 77 8.61 15.23 9.27 33.11 1,32 1 
$ 12070 31104 0 i;'668 10045 26261 35646 24673 17374 2£ $ 10997 29648 0 1 5483 7249 23033 25678 19670 14665 
1073 1455 0 11B5 2795 3228 9968 5003 2709 I 
acres 551o?. 1131.8 0 722„0 476.6 1053„2 1181.4 939.2 650.0 10! 
acres 175,8 361.0 0 250o3 398.4 821.0 1028.5 769.2 650.0 9f 
acres 727.0 1492.8 0 952.2 875,0 1074o2 2209.9 1708.4 1300.0 20! 
months 6.3 9.4 0 7.2 11.4 14.4 12,0 13.0 16.0 
1 1122 3157 0 1721 948 2963 3938 2712 1025 
1973 4215 0 2632 2108 3853 5031 3729 1336 $ 648 1438 0 881 515 1167 m-y/. 1127 734 $ 3743 8810 0 5233 3571 7982 10600 7568 3646 $ 1472 2585 0 L796 2415 3197 2681 2846 2928 
5215 11395 0 . 7029 5986 11179 13281 10415 6574 1: 
•f- • 344 450 0 375 1194 98 5 3006 1605 1915 
408 778 0 517 1165 1070 4844 2151 1214 
31 25 0 2£ 92 86 321 153 54 
* 
782 1253 . 0 921 2451 2141 8171 3910 3,\82. 
( months 1.3 1.4 0 l.c 6.3 3.5 6.3 5.0 '8.9 
' e 293 385 0 325 1337 782 1409 1106 1625 
$ 1075 1638. 0 1244 3788 2923 9579 5014 4808 
.•7. 22446 63142 0 34'! le 18951 59254 78753 54235 20500 4 
6083 11608 0 7708 60S1 13491 16085 12293 5975 1 
742 1829 0 1061 260~. 4433 11039 5808 3305 
r 1502 2083 0 1673 2415 5533 12232 6598 2500 
365 515 0 409 757 1268 2410 1455 275 $ 31138 79175 0 45267 30821 83979 120519 B'/vi:-! 32555 7 
months 7 = 6 10.8 0 • 8.5 17.7 18.0 18.3 18,0 24,8 
years o633 .900 0 .711 1.479 l.'iBR 0
 
c
 
2.070 2 
1764 2970 0 2119 3755 :'.979 'lo:.: -) d9!)1 4/:.r.3 
.,1 3403 6906 0 4434 5074 VIGO 1'. .'3 0766 5803 
' j'ij 5163 9876 0 '3552 8827 lllo:- 18922 12717 105 5G 1 
a 4526 10063 0 3154 6022 10125 18770 11478 6828 1 
M " ' • 6290 13033 0 3273 9774 14102 22860 15429 113B1 1 f 
per cent 83.42 87.03 0 84.76 64.36 80.35 65.55 72.04 G4.30 7 
$ per man year 2789 3300 0 297P 2 537 2656 2684 263A 2200 
•2 r\ O FT An "7 rs r\ *20 ^ A 0 T n c •IT •2 C C A •7 1 rt A T K nn n 
a Production, 
Capital Services®' 
Group' 
Labor Labor Capital Capital Capital All 
23 2 31 32 33 3 1 2 3 farms 
14 50 2 12 • 36 50 51 50 50 151 
9.27 33.11 1.32 7.95 23.84 33.11 33.77 33.11 33.11 100.00 
35646 24673 17374 29161 58513 49882 11762 28410 52110 30634 
25678 19670 14665 24003 31750 29207 10186 25250 30050 21752 
9968 5003 2709 5158 26762 20615 1576 3159 22060 8883 
1181.4 939.2 650.0 1052.2 1375.1 1268.6 536.1 1076.5 1320.9 974.9 
1028.5 769.2 650.0 967.8 3910.5 3073.8 251.1 718.2 3103,5 1350.3 
2209.9 1708.4 1300.0 2020.0 5285.6 4342.4 787.2 1794^8 4424.4 2325.2 
12.0 13.0 16.0 19.4 22.0 21.1 8.0 14.1 19.2 13.7 
3938 2712 1025 2269 5540 4574 1074 2855 6091 2994 
5031 3729 1386 3956 6556 5746 2004 3986 6129 4026 
163/: 1127 734 1213 1695 1541 618 1259 1677 1181 
10600 7568 3646 7438 13792 11861 3696 8100 12898 8201 
2681 2846 2928 4288 5076 4808 1756 3260 4407 3133 
13281 10415 6574 11727 18868 16669 5451 11360 17305 11334 
3006 1605 1915 1642 6652 5260 622 982 5631 2400 
4844 .2151 1214 1417 12292 9239 633 1066 10206 3946 
321 153 64 136 509 401 47 80 456 193 
8171 3910 3^ 82., 3195 19453 14900 1302 2127 16294 6540 
6.3 5oO '8.9 8.1 15<5 13.5 2.8 4.0 13.0 6.6 
1409 1105 1625 1796 3582 0O68 625 922 2971 1499 
9579 5014 4808 4991 23035 17968 1926 3049 19265 8038 
78753 54235 20500 453B3 110800 91488 21479 57092 101826 59876 
16085 12293 5975 14002 21576 19134 6081 13049 20039 13010 
11039 5808 3305 5076 28469 21848 1318 3806 23588 9516 
12232 6598 2500 5375 12833 10630 1774 4460 12665 6270 
2410 1455 275 .1200 4219 3337 CC 1026 3712 1725 
120519 8o:vi:-) 32555 71037 177398 146436 31113 79432 161830 90396 
18.3 18,0 24,8 27,5 37,6 84.6 10.9 18,1 32,2 20.3 
1.500 2.070 2.291 3.130 2.886 .905 1,509 2.681 1,693 
/10:0 ssr.i 45S-;3 60? 4 8658 7876 2380 4182 7379 4632 
1'^  -:'i P766 5803 8364 27705 22187 3923 7373 24101 11747 
13922 12717 103 5G 14448 36363 30063 6304 11554 51479 1637 
18770 11478 6828 10633 33245 26761 4997 10227'^ 29192 14741 
^ 22860 15429 11381 16717 41903 34637 7378 14409 36571 19372 
65.55 72.04 64.30 70.40 58,63 61,05 73.76 77.95 59.73 67.64 
2 684 2634 2200 2656 2766 2729 2C?1 2772 27E3 2736 
35.64 31.74 15.77 22.47 20.96 21.07 27.29 31.81 23.01 2fi.7S 
CO vtixutj ui txxx xLvtaLuuK c>erviu«tj X.\J i 
28 Land inveBtment 
29 Machine investment 
30 Livestock investment 
31 Building investment 
32 Fence investment 
33 Total investment 
35 Totel labor (months) 
36 Total Ifibor (years) 
37 Value of all labor 
38 Value of all services except land and labor 
39 Value of all services except land 
A r\ Tf-. T... . n 
-x\j CAXX uua VXUt,3U 
41 Value of all services 
I 
0 
months 
years 
43 Per cent labor on crops per cent 
44 Value labor per man (wage rate) $ per man year 
45 Value of land per acre per acre 
46 Return to investment at 5% $ 
48 Investment per man per man year 
49 Crop capital services per man $ per man year 
50 Total land per man acres per man y 
51 Crop product per cropland per acre 
52 Crop prodvlct per all land per e ere 
54 Product per all services, crops 
$ 
per f. 
55 Product per all services, livestock per •f 
56 Product per all services, all products e Ti^er 
58 Gross residual product of labor, crops 
59 Gross residual product of labor, livestock $ 
60 Gross residual product of labor, all products 
61 Gross residual product of land and labor, all products 
62 Residual product of labor, all products $ 
63 Residual return on invesiznent, all products $ 
65 Average gross residual product of labor, crops $ per man year 
66 Average gross residual product of labor, livestock' 1 per man year 
67 • Average gross residual product of labor, all products per man year 
68 Average gross residual product of land and labor, all products $ per man year 
69 Average residual product of labor 0 per man year 
70 Average residual return on investment per cent 
72 Marginal residual product of labor 
73 Marginal labor quantity 
74 Marginal residual return on investment 
75 Marginal investment 
t 
77 Average marginal residual product of labor 
78 Average marginal residual returr on investment 
80 Range of labor interval 
81 Range of capital interval 
man years 
per man year 
per cent 
months 
% 
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742 1829 0 1061 • 260^. 4433 11039 5808 3305 50'i 
1502 2083 0 1673 2415 5533 12232 659R 2500 537 
365 515 0 40& 757 1268 2410 1455 275 12 ( 
$ 31138 79175 0 45267 30821 83979 120519 32555 71 .tr 
months 7o6 10.8 0 • 8.5 17.7 18.0 18.3 18,0 24,8 27. 
years c633 .900 0 .711 1.479 1.500 2.070 2.2J 
•? 
1764 2970 0 2119 37 65 :<979 A C'j ") 3sr,i 4.':.r.3 60^ 
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ffi. 5168 9876 0 '3552 8827 lllo;- 13922 12717 10556 144^ 
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4 
-
6290 13033 0 3273 9774 14102 22860 15429 11381 167: 
per oent 53.42 87.03 0 84.76 64.36 80.35 65.55 72.04 04. 0 70.' 
$ per man year 2789 5300 0 297P 2 537 2684 263A 2200 26 
$ per acre 30.87 42 ,,30 0 36.14 21o66 31.62 35.64 31.74 15.77 22.' 
$ 1557 3959 0 2263 1541 4199 6026 4019 1628 35 
ij per mn year 49230 87979 0 63652 20838 56065 79091 53584 15731 310 
$ per man year 7155 11182 0 8654 4071 67 58 12318 7651 3299 46 
acres per man year 1149 1659 0 133£i 592 1251 1450 1139 628 81 
$ per acre 19.95 26.20 0 22c8S 15.21 21.87 21.73 20.94 22.56 22.1 
$ per ecre 15.13 19.86 0 17.31 8.28 12.29 11.62 11.51 11.28 11.1 
$ per ? 2.109 2.602 0 2.34E 1.211 2.060 1.934 1.889 2.231 2.0 
$ per .f .998 .888 0 .953 .738 1.104 1.041 .998 .563 1.0 
V per 1.919 2.387 0 2.136 1.028 1.862 1.559 1.599 1.527 1.7 
$ 7254 20839 0 11249 3679 15051 15078 12102 11020 165 
$ 290 202 0 344 1087 1797 1093 -474 19 
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$ 6902 21228 0 11116 1218 15122 16723 11956 7018 147 
$ per man year 13748 26607 0 18662 3865 12505 15097 11197 8279 102 
$ per man year 2767 1733 0 2439 654 3694 3424 2606 • -641 29 
A per nian year 11927 23380 0 16190 2720 10774 11075 8795 5096 80 
^ per man year 13702 26888 0 18610 3361 12752 13659 10603 5691 90 
$ per man year 11231 22488 0 15432 2319 9948 9703 7925 • 4803 75 
per cent 22,17 26.81 .0 24.56 3.95 18.01 13.88 14.87 21.56 20, 
-3679 • -5337 916 6513 23 
man years .846 .598 .789 .591 .7 
•$ 13904 1601 76 $ 4r.J3Y 53158 • 36540 384 
$ per man year -4349 -8925 1161 11020 29 
per cent • 29.82 26.16 4.38 
• 
20. 
months 
$ 
(2.0-14 .0) (14.0-2 2.0) 
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18770 11470 6328 10633 33245 26761 4997 10227^ 29192 14741 
D2 22860 15429 11381 16717 41903 34637 7378 14409 3 6 571 19372 
55 65.55 72.04 64.30 70.4B 58.63 61,06 73.76 77.95 59.73 67.64 
iR 2fiR4' 263^ 2200 2656 2766 2729 2r?i 2772 2753 2736 
)2 35.64 31.74 15.77 22.47 20.96 21.07 27 .29 31.81 23.01 25.75 
)9 6026 4019 1628 3552 8895 7322 1556 3972 8092 4520 
!5 79091 53584 15731 31013 • 56828 50733 34392 52647 60371 53403 
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17 21.73 20.94 22.56 22.81 23.09 23.02 19.00 23.46 22.75 22.31 
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Table 55, 
Sample Average and 
Line Item Unit of 
Noo Measurement 
1 Number of farms number 
2 Per cent distribution of farms per cent 
4 Total product 
5 Crop product I I 
6 Livestock product 
8 Cropland acres 
9 Pasture land acres 
10 Total land acres 
11 Labor on crops months 
13 Value of land sorvices S 
14 Value of machine services p-
15 Value of crop eervioes $ 
16 Value of all crop capital services $ 
17 Value of crop labor 
18 Value of all crop services $ 
20 Feed i'. 
21 Livestock inout $ 
22 Other livestock input P 
23 Value of all livestock capital services 
24 Labor on livestock months 
25 Value of livestock labor fr. V 
26 Value of all livestock BervioeB $ 
28 Land investment 
29 I&chine investment 
30 Livestock investment 
31 Building investment 
32 Fence investment 
33 Total investment 
35 Total labor (months) 
36 Total labor (years) 
37 Value of all labor 
38 Value of all services except land and labor 
39 Value of all services except land 
.<!• 
I 
months 
years 
41 Value of all services 
43 Per cent labor on crops 
44 Value labor per man (wage rate) 
45 Value of land oer ncre 
per oent 
$ per man vear 
* 
Table 55, North Iowa 1950, Per Farm Group_PBta for Total Farm Production, 
Sample Average end Groups stratified by Months of Labor and Value of Capital Services^ 
Unit of 
Measurement Group 
Labor Labor 
11 12 13 1 21 22 23 2 21 
number 25 18 5 48 17 18 12 47 6 
per cent 17.61 12.68 5.52 33.80 11.97 12.68 8.45 33,10 4.23 
11466 19070 29397 16:85 11728 1S344 292B7 19128 12197 
k 6945 8167 7122 7421 4854 8027 11010 7641 7 69B 
't. 4521 10904 22275 q7B4 6874 11317 18277 n<i88 4499 
acres 137.0 164.2 148.6 148.9 106.0 161.4 229.8 158.8 143.2 
acres 10.4 17.8 37.2 16.0 17.1 28.1 34.0 25.6 20.5 
acres 148.3 182.0 135.8 164.8 123.1 189.5 263.8 184,4 1GS„7 
mon'':hG 7.4 6.7 7.3 7.1 8.6 8.5 9.9 8.9 17.4 
1635 1944 1636 1751 1171 1876 2790 1R54 1928 
•1141 1342 1212 1225 1155 1546 1925 1501 If 67 
489 473 479 482 324 401 698 449 472 
3265 3760 3327 3457 26 50 3823 5413 3805 3966 
1515 1346 1421 1441 1684 1608 1997 1732 3063 
e 4780 6106 4748 4698 4334 5431 7409 5537 7019 
i- 2260 5690 6834 4023 3151 5831 8965 5662 2598 
1407 3212 11621 Sl'ia 1685 3343 8220 3989 1019 
267 440 351 341 276 511 606 450 311 
3934 9342 ISBOe 7511 5113 9686 17791 10101 3P27 
months 3.8 5.7 • 4.3 4.6 7.0 7.7 6.6 7.2 7.0 
791 1148 839 930 1383 1458 1332 1401 1237 
4724 10^90 19645 8441 6496 11144 19123 11502 5164 
32706 38885 32720 35024 23423 37526 55795 37090 38551 
A. 4118 4974 5090 4540 3865 5180 6456 5031 5965 
2399 4508 8855 3862 2620 5326 8028 5037 2937 
(i 
3962 4679 3600 4193 4335 5704 7596 5692 5092 
$ 43185 53046 5026 5 47(319 34243 53736 77(3.74 52349 52544 
months 11.2 12.3 11.6 llc7 15.6 16.2 16.'1 IG.O 24,4 
years 
•? 
.935 1.027 .970 .973 1.300 1.348 1.369 1.336 2.033 
2305 2494 2260 2371 3067 3066 3329 3133 4290 
..i 5564 11158 20497 9217 6591 11632 20414 12051 5966 
7^;e9 13651 22757 11588 9658 14698 2? 743 15185 10256 
73. J y 13102 22133 lOibb 7762 11^509 .fco204 13006 7093 
1,5596 24393 13339 10B29 16 574 26532 17039 12183 
per cent 65.70 53.99. 62.89 60.77 54,90 52.44 59.99 5;.".. 2 3 71.18 
$ per man year 2466 2428 2330 2-^36 2359 2274 2431 2345 2110 
# ner acre 220.57 213.66 176.10 212,48 190.33 198.02 211.'If:! 201.08 235.54 
J 
m Produotion, 
Capital Services®' 
Group 
Labor Labor Capital Capital Capital All 
23 2 21 32 53 3 1 2 3 farms 
12 47 6 11 • 30 47 46 47 47 142-
8.45 33.10 4.23 7.75 21.13 33.10 33.80 33.10 33.10 100.00 
29287 19128 12197 20513 41705 32979 11650 19513 37226 22718 
11010 7641 7698 8749 13B69 11883 6298 P249 12422 8971' 
18277 11488 4499 117G4 27836 21096 5352 11264 24805 13747 
229.8 158.8 1^3.2 l^P.O 2r.l.7 222.9 127.2 168.7 235.1 176.7 
34.0 25.6 20. 5 24.1 36.6 14.0 23.2 41.0 26.0 
263.8 184,4 1S3„7 212.1 ZDtr.O 259.5 141.3 191o9 276.1 202.7 
9.9 8.9 17.4 11.0 12.0 12.4 9.1 8.4 10.9 9c 4 
2790 18 54 ly28 2016 3464 2929 1507 1935 3097 2175 
1925 1501 1567 1518 2304 2077 1199 1461 2142 1598 
698 449 472 454 964 782 428 441 845 570 
5413 3805 3966 3938 6812 5788 3155 3837 6084 4344 
1997 1732 3053 1945 2218 2264 1771 1579 2069 1803 
7409 5537 7019 5933 9030 8052 4905 5416 8153 6147 
8965 56 62 2598 6068 13263 10218 2618 5833 11482 6616 
8220 3989 1019 3012 12302 8688 1457 3215 11188 5260 
606 450 311 438 849 684 276 467 734 491 
17791 10101 3P27 9518 26414 19 589 4350 9515 23404 12366 
6.6 7.2 7.0 14.7 13.1 12.7 5.4 8.5 10.5 8.1 
1332 1401 1237 2597 2421 2308 1052 1614 1982 1549 
19123 11502 5164 12115 28835 21897 5403 11128 25386 13915 
55795 37090 30551 40318 69276 58578 30148 38700 61947 43503 
6456 5031 5965 5322 8414 7378 4259 5135 7661 5642 
8028 5037 2937 5067 12677 9653 2544 4952 11084 6168 
7596 5692 5092 5523 9806 8329 4235 5339 ".05^ 
7 7 P. 74 52849 52544 56550 1002-J-l 83938 41187 54126 89231 G1271 
16.'1 16,0 24,4 25.6 2. 0 25.1 14.4 16.9 21.4 17,6 
1.369 1.336 2.033 2.137 2. ore 2.092 1.202 1.410 1.785 1.464 
3329 3133 4290 4 543 4639 4572 2823 3192 4052 3352 
20414 12051 5966 11490 29762 22449 5978 11417 26391 14534 
23743 15185 10256 16033 34402 27021 8801 14610 30442 17FR6 
£o204 13006 7893 13506 33226 25377 7485 133':.2 29488 16710 
26532 17039 12185 18048 57865 29f'50 10308 16545 33539 20062 
59.99 5r..?,3 71.18 42.82 47.81 4^=52 62.72 49.46 51.07 53,79 
2431 2345 2110 2126 r^2r?4 hse 2350 226'! 2270 2290 
211.^f! 201.08 235.54 190.10 234.02 225.74 213.41 201.65 224.37 214.67. 
28 Land investment 
29 Machine investment A. 
30 Livectock investment 
31 Building investment 'k 
32 Fen c e inve s tment 
33 Total investment 
35 Total labor (months) months 
36 Total Ifibor (years) years 
37 Value of all labor 
38 Value of all services except land and labor 
59 
A ro 
Value of all services except land 
. n  .  f 
•x\j 
41 
rCAOiLlO UX CA a. xcv L/Vl 
Value of all services 
43 Per cent labor on crops per cent 
44 Value labor per man (wage rate) $ per man year 
45 Value of land per acre per acre 2 
4.6 Return to investment at 5% 
48 Investment per man $ per mn year 
49 Crop capital services per man $ per man year 
50 Total land per man acres per man year 
51 Crop product per cropland $ per acre 
52 Crop product per all land $ per B ere 
54 Product per all services, crops s'.per 
55 Product per all services, livestock $ per $ 
56 Product per all services, all products • Topr j 
58 Gross residual product of labor, crops $ • 
59 Gross residual' product of labor, livestock § 
60 Gross residual product of labor, all products § 
61 Gross residual product of land and labor, all products t 
62 Residual product of labor,all products $ 
63 Residual return on investment, all products $ 
65 Average gross residual product of labor, crops |i per man year 
66 Average gross residual product of labor, livestock $ per man year 
67 Average gross residual product of labor, all products per man year 
68 Average gross residual product of land and labor, all products $ per man year 
69 Average residual product of labor $ per man year 
70 Average residual return on investment per cent 
72 Marginal residual product of labor $ 
73 Marginal labor quantity man years 
74 Marginal residual return on investment 
75 Marginal investment 
77 Average marginal residual product of labor •f per man year 
78 Average marginal residual returr on investment per cent 
80 Ran^:e of labor interval months 
81 Range of capital interval 
-For a dotaileci desC'-iption of the or--ariza lior. of blie Ic ai.a ds-fin^ tion of i ' c 
months 
years 
per oeht 
$ per man year 
$ per acre 
I 
per niar year 46187 51634 
•t per man year 7699 12753 
acres per man year 159 177 
per acre 50.38 49,73 
per 8 ere 46.84 44.87 
per t 1.453 1.599 
$ per •f .9G7 1.039 
DPr 4 ' .206 1.223 
32706 
4118 
2399 
3962 
38885 
4974 
4508 
4679 
32720 
5090 
8856 
3600 
43185 53046 50266 
11.2 
.935 
2305 
5564 
7^es 
7] jb 
12.3 
1.027 
2494 
1115B 
13651 
13102 
1,5F96 
1 1 . 6  
.970 
2260 
20497 
22757 
22133 
24393 
65.70 
2466 
220.57 
2159 
53.99 
2428 
213.66 
2652 
62.89 
2330 
176.10 
2513 
51320 
22817 
152 
47.93 
38.33 
1.500 
1.134 
1.205 
3 5024 
4540 
3862 
4193 
47619 
11 o7 
.97 a 
2371 
9217 
11588 
10)66 
13539 
23423 
3865 
2620 
4335 
37526 
5180 
5326 
5704 
55795 
6456 
8028 
7596 
34243 53736 77P74 
15.6 16.2 16.4 
1.300 1.348 1.369 
3067 3066 3329 
6591 11632 20414 
9658 14698 23743 
7762 13509 26204 
10P29 16574 26532 
60.77 54o90 52.44 
2'<36 2359 2274 
212,48 190.33 198.02 
2381 1712 2687 
48928 26340 398 59 
11269 5971 10020 
169 95 141 
49.86 45.79 49.74 
45.02 39.44 42.36 
1.515 1.120 1.478 
1.038 1.058 1.016 
1.213 1.083 1.167 
59.99 
2431 
211. 
30S-
56 P6 7 
16944 
19o 
47.90 
41.73 
1.486 
.966 
1.104 
37090 
5031 
5037 
5692 
52349 
16.0 
1.33G 
3133 
12051 
15185 
izooe 
17039 
5;^23 
2345 
201.08 
2642 
39552 
10407 
138 
48.11 
41.42 
1.380 
.999 
1.123 
38551 
5965 
2937 
5092 
52544 
2y .4 
2.033 
4290 
5966 
10256 
7093 
12183 
71,18 4 
2110 
235.54 IE 
2627 
25841 2 
3882 
80 
53,77 
47.03 
1.097 
.871 
1.001 
$ 
I 
,.680 4407 3796 3965 2204 4204 
587 1561 3469 1253 1762 1632 
4267 5968 7265 .5217 3966 5836 
5903 7913 8901 6968 5137 7712 
3744 5261 6388 4587 3425 5025 
3598 5419 6641 4597 2070 4646 
$ per man year 
I per man year 
i> per jnan year 
$ per man year 
§ por man year 
per cent 
5990 
1831 
4564 
6313 
4004 
8c33 
7946 
3303 
5810 
7702 
5123 
10.22 
6222 
9636 
7849 
9176 
6586 
13.21 
6703 
3281 
5361 
7160 
471^ 
!-;,65 
3088 
3005 
3050 
3951 
2635 
6.06 
5946 
2545 
4329 
5720 
3728 
«»65 
5597 
486 
6083 
".873 
4979 
5r44 
6814 
8B7 
4442 
6480 
3 637 
7.12 
3836 
1386 
5223 
7077 
4435 
3944 
5194 
2320 
3909 
5296 
3320 
7.46 
man years 
•t per man year 
per cent 
months 
1B21 1222 
9861 -2781 
18„47 -43.94 
-3,19 
.365 
-874 
-236 
-1409 
.321 .399 
2576 898 
19493 24138 
-735 -3531 
13,22 3.72 
-152 
o363 
-419 
3732 
572 
4304 
6231 
36 04 
1941 
2579 
976 
2117 
3065 
1773 
3.69 
179 
.733 
244 
(3.4-14.0) (I4.0-19o9) 
Lc ai.d ut'1 inI tion oi a^ 
19123 
55795 
6456 
8028 
7596 
77074 
16.4 
1.369 
3329 
20414 
2? 743 
2o204 
26532 
11502 
37090 
5031 
5037 
5692 
52849 
16.0 24.4 25.6 2! . 0 
1.336 2.033 2.137 2. one 
3133 4290 4543 4639 
12051 5966 11490 29762 
15185 10256 16033 3'T402 
13006 7893 13506 35"26 
17039 12183 18048 37865 
5164 12115 28835 
38551 
5965 
2937 
5092 
52544 
40318 
5322 
5067 
5823 
69276 
8414 
12677 
56550 1002'o4 
21897 
58578 
7378 
9653 
8329 
83D38 
25.1 
2 .092  
4572 
22449 
27021 
25377 
29f 50 
5403 11128 25386 
30148 
4259 
2544 
4235 
41187 
38700 
5135 
4952 
5339 
61947 
7561 
110B4 
OR TO 
4126 89231 
14.4 16.9 21.4 17.6 
1.202 1,410 1.785 1.464 
2823 3192 4052 3352 
5978 11417 26391 14534 
8801 14610 30442 17FR6 
7485 13312 29488 16710 
10308 16545 33539 20062 
13915 
43503 
5642 
616B 
G1371 
59.99 
2431 
211.in 
5Gi:' 
56067 
16944 
193 
47o90 
41.73 
1.486 
.966 
1.104 
5.-'.28 
2345 
201.08 
2642 
39552 
10407 
138 
48.11 
41.42 
1.380 
.999 
1.123 
71.18 
2110 
235.54 
2627 
2 5841 
3882 
80 
53,77 
47.03 
1.0S7 
.871 
1.001 
42.82 
2126 
190.10 
2826 
26452 
6320 
99 
4G. 
41.2: 
lo474 
.971 
1.137 
47.81 
?2r?4 
234.02 
5013 
48 05 6 
15925 
142 
55.11 
46.85 
1.536 
. 965 
1.101 
4bo5Z 
21^6 
225.74 
4197 
40132 
12133 
124 
53.31 
45.79 
1.47 6 
.963 
1.101 
62,72 
23R0 
213.41 
2059 
34278 
6230 
118 
49.50 
44.58 
1.284 
.991 
1.130 
49.46 
226-1 
201.65 
2706 
38389 
9470 
136 
48.90 
42.98 
1.523 
1.012 
1.179 
51.07 
2270 
224.37 
4462 
50000 
16523 
155 
52.83 
44.99 
1.523 
.977 
1.110 
53.79 
2290 
214,67 
3069 
41934 
11417 
138 
50.78 
44 .27 
1.459 
.988 
1,132 
5597 
486 
6083 
?.873 
4979 
5,-44 
6814 
SB? 
4442 
6480 
3637 
7.12 
3836 
1386 
5223 
7077 
4435 
3944 
5194 
2320 
3909 
5296 
3320 
7.46 
3732 
572 
4304 
6231 
3604 
1S41 
2579 
976 
2117 
3065 
1773 
3.69 
4761 
2246 
7007 
9023 
6197 
4410 
5202 
1838 
3279 
4222 
2900 
7„92 
7056 
1422 
8479 
11943 
6930 
730'!• 
7074 
1305 
4064-
5724 
•3322 
7.28 
60C 
1507 
7602 
10530 
6323 
5958 
5885 
1427 
3634 
5035 
3027 
7.10 
31G4 
1001 
4165 
"672 
o613 
2849 
4198 
2235 
3466 
4721 
3006 
6.92 
4412 
1749 
6161 
309(5 
5390 
4904 
6327 
2464 
4369 
5742 
3823 
9.06 
6337 
1401 
7730 
10836 
6374 
6784 
6954 
1605 
4336 
6072 
3571 
7.60 
1627 
1381 
5008 
?183 
5114 
4831 
5878 
2042 
4105 
5592 
3493 
7,87 
-1409 
.399 
898 
24138 
-3531 
3.72 
-152 
,363 
-419 
179 
.733 
244 
1172 
.789 
2539 
3986 
1485 
63.70 
1951 
.717 
2824 
43734 
2721 
6.46 
1898 
„756 
2511 
2055 1880 
12939 35105 
15.88 5.36 
(14.0-19,9) (20.0-36„0) 
(2846- (10506- (16972-
10488) 16881) 84529) 
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Table 56, Sou 
Sample Averag :G and Ore 
Line 
Noo 
I tern Unit of 
Measurement 
1 Number of farms 
2 Per cent distribution of farms 
4 Total product 
5 Crop product I 
6 Livestock product 
number 
per oent 
8 Cropland 
9 Pasture land 
10 Total land 
11 Labor on crops 
acres 
acres 
acres 
months 
13 Value of land services 
14 Value of machine services 
15 Value of crop services 
16 Value of all crop capital services 
17 Value of crop labor 
18 Value of all crop services 
20 Feed 
21 Livestock input 
22 Other livestock input 
23 Value of all livestock capital services 
24 Labor on livestock 
25 Value of livestock labor 
26 Value of all livestock services 
ff 
months 
28 Land investment 
29 Machine investment 
30 Livestock investment 
31 Building investment 
32 Fence investment 
33 Total investment 
35 Total labor (months) 
36 Total labor (years) 
37 Value of ell labor 
38 Value of all services except land and labor 
3S Value of all services except land 
. rk - • » * >  
41 Value of ell services 
$ 
months 
years 
A 
0 
ffv 
A 
43 
44 
Per oent labor on crops " 
Value labor per man (wage rate) 
per oent 
$ per man year 
Table 56, South lov/a 1950, Pnr Farm Group Data for Total Farm Production, 
Vterago and Groups stratified by Months of Labor nnd Value of Capital Services®' 
ment Group 
Labor Labor 
11 12 13 1 21 22 23 2 21 32 33 
24 12 12 48 14 21 13 48 10 15 f t  
.t 16.78 8o39 8.39 33.57 9.79 14.69 9.09 33c 57 6.99 10.49 15.: 
6876 11994 20671 11604 6622 12154 22399 13315 7832 12654 266' 
2893 5348 7871 47 51 2294 4231 6429 4261 3871 5950 871 
3984 6646 12800 6853 4328 7923 15970 9054 3961 6703 1781 
74o8 123.8 151.3 106.2 68.9 114.2 147,8 110.1 88.8 131.7 198 
43.7 60.8 56.7 51.2 68.2 61.1 64.7 64,12 65.4 98.3 111 
118.5 184.7 208.1 157.4 137.1 175.3 212.5 174.2 154.2 230.0 210 
5.8 6.9' 6.1 6.2 7.6 7.6 8.0 7.7 11.1 12.7 12 
537 1018 1598 923 428 • 759 1308 811 521 1098 16 
545 799 1356 811 614 960 1421 984 770 1277 16 
164 350 687 341 214 222 524 301 270 359 6' 
1246 2167 3641 2075 1255 1941 3253 2096 1561 2734 39 
1190 1422 1300 1275 1523 1537 1643 1562 2097 2282 23 
2436 3589 4941 3351 2778 3478 4896 3658 3658 5061 62 
2035 3635 7400 3776 1871 4014 7158 4241 2077 3572 86 
• 1013 2060 3123 1802 1228 2151 5121 2686 1080 1852 63 
1 148 248 468 253 146 279 43 5 282 172 283 6 
3196 59 43 10991 5831 3245 6444 12713 7209 3329 5707 156 
5,5 4.7 5.3 •5.3 6.7 6.7 6.6 6.7 9.1 9.5 11 
1132 968 1140 1093 1350 1347 1352 1349 1728 1710 21 
4328 6911 12131 6924 4594 7791 14065 8558 6056 7417 177 
[ 
10741 20365 31963 18452 8560 15181 26158 16223 10422 21959 324 
1499 3062 5425 2369 1596 3438 5270 3397 3316 4428 5E 
2729 3195 6071 3681 3020 4260 8864 5145 2732 4990 103 
2209 3456 5919 3448 1995 3993 4785 3624 2625 4438 73 
-
17178 30069 49378 28450 15172 26872 45076 28389 19094 35815 556 
• 11.4 llo6 11.4 11.4 14.3 14.3 14.6 14.4 20.2 22.2 
• .946 .969 .953 .953 1.193 1.188 lc221 1.199 1.683 1.848 2.C 
i 2322 2389 2439 2368 2873 2884 2995 2911 3825 3992 
; 3905 7092 13034 6984 4072 7626 14658 R494 -1369 7344 17£ 
6228 9482 15474 93 52 6945 10510 17653 11405 8193 11336 Z2< 
4442 8111 14632 7&07 4500 8S85 15966 9305 4890 8442 191 
6765 10500 17072 10275 7373 11269 18961 12216 B714 12434 24( 
it 51.25 59.50 53.28 53.85 53.02 53„51 54.86 53.65 54.83 57.17 52, 
Inan year 2455 2466 2560 2484 24C7 2427 2453 2428 2273 2160 2: 
90,64 110.25 153.61 117.21 62.45 «6.Rfl 123.32 93.11 67.59 95.47 104, 
m Production, 
Capital Services^ 
Group 
Labor Labor Capital Capital Capital All 
23 2 21 32 33 3 1 2 2 farms 
13 48 10 15 . 22 47 48 48 47 143 
9.09 33.57 6.99 10.49 15.38 32.87 33.57 33.57 32,87 100 
22399 13315 7832 12 654 26649 18179 7001 12270 23948 .14339 
6429 4261 3871 5950 8792 6838 2922 5047 7903 5272 
15970 9054 3961 6703 17858 11341 4079 7222 16045 . 9067 
147 0 8 110.1 88.8 131„7 198.9 154.0 76.0 122.1 172.6 123.2 
64.7 64a2 65.4 98.3 111.5 97.5 55.4 72.7 84.6 70.8 
212,5 174.2 154.2 230.0 210.3 251.5 131.4 1S4.7 257.2 194.0 
8.0 7.7 11.1 12.7 12.8 12.4 7.4 9.0 9.8 8.7 
1308 811 521 1098 1621 1220 502 930 1527 983 
1421 984 770 1277 1647 1343 612 1019 1511 1044 
524 301 270 359 679 490 201 297 638 377 
3253 2096 1561 2734 3947 3052 131-5 2245 3677 2403 
1643 1562 2097 2282 2337 2269 1477 1743 1B79 1699 
48 9 6 3658 3658 5061 6285 5322 2792 3988 5556 4102 
7158 4241 2077 3572 8651 5631 1996 3781 7919 4 542 
5121 2686 1080 1852 6300 5808 1090 2035 5C00 2758 
43 5 282 172 283 606 410 152 272 523 315 
12713 7209 3329 5707 15637 9849 3238 6089 13642 7614 
6.6 6.7 9.1 9,5 11.6 10.4 6.6 7.1 8.6 7.4 
1352 1349 1728 1710 2119 1904 1318 1364 1658 1445 
• 14065 8558 5056 7417 17755 11754 4556 •7453 15501 9059 
26158 16223 10422 21959 32418 24400 10038 18595 30571 19659 
5270 3397 3316 4428 5566 4724 1906 3651 5448 3656 
8864 5145 2732 4990 10343 7016 2815 4222 8f 43 5268 
4785 3624 2625 4438 7341 5411 2233 3998 6271 4153 
45076 28589 19094 35815 55668 41551 16992 30466 51134 32736 
14.6 14.4 20.2 22.2 24.3 22.8 14.1 16.1 10.4 16,1 
lo221 1.199 1.683 1.848 2.028 1.897 1.172 1.339 1.030 1.346 
2995 2911 3825 3992 4456 4174 2796 3107 3537 3144 
14658 R494 4369 7344 17963 11682 4050 7404 15791 9035 
17653 11405 8193 11336 22419 15855 6846 8428 19S28 12179 
15966 9305 4890 8442 19584 12902 4552 8334 IVKig 10018 
18961 12216 8714 12434 24040 17075 7348 11441 2 on 57 13162 
; 54.86 53.65 54.83 57.17 52.46 54.37 52.84 56.09 53.12 54.03 
2453. 2428 2273 21f!0 2? 00 ?319 ?:n2 2336 
123.12 93.11 67.59 95.47 104.46 97.03 76.42 95.48 118.88 101.34 
2254 1419 955 1701 9n7fl • Kn T CO o ir Cf7 1 r> ry rr 
28 Land investment « 1074 
29 Machine investment A. •J- 149 
30 Livestock investment 272 
31 Building investment e 220 
32 Fence investment 
33 Total investment e 
-
1717 
36 Total labor (months) months 11. 
36 Total Ifibor- (years) years .94 
37 Value of all labor 232 
38 Value of all services except land and labor 4 39C 
39 Value of all services except land t" 622 
4 r\ 
•X fMjuciO \jd.  tAa.x uoi  vxwou xci  uui  444 
41 Value of ell services 676 
43. Per cent labor on crops per oent 51.2 
44 Value lebor per man (wage rate) $ per man year 245 
45 Value of land per acre $ per acre 90o C 
4.6 Return to investment at 5^ s 8£ 
48 Investment per man per man year 1816 
49 Crop capital services per man per man year 46 £ 
50 Total land per man acres per man year 12 
51 Crop product per cropland $ per acre 38. f 
52 Crop product per all land oer B ere 24.4 
54 Product per all services, crops per l.lf 
55 Product per all services, livestock $ per .92 
56 Product per all services, all products i-V •per $ 1.0] 
58 Gross residual product of labor, crops 16'^ 
59 Gross residual product of labor, livestock 7f 
60 Gross residual product of labor, all products $ 24C 
61 Gross residual product of land and labor, all products 29' 
62 Residual product of labor, all products $ 21] 
63 Residual return on investment, all products $ 6' 
65 Average gross residual product of labor, crops $ per man year 33i 
66 Average gross residual product of laborj livestock $ per man year 17{ 
67 Average gross residual product of labor, all products 1 per man year 25' 
68 •Average gross residual product of land and labor, all products $ per man year 31' 
69 Average residual product of labor S per man year 22 
70 Average residual return on investment per oent 3.' 
72 Jferginal residual product of labor 
73 Marginal labor quantity man years 
74 Marginal residual return on investment 1 
75 Marginal investment 
77 Average marginal residual product of labor per man year 
78 Average marginal residual return on investment per oent 
80 Range of labor interval months 
81 Range of capital interval $ 
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10741 20365 31963 18452 8560 15181 26158 16223 10422 21959 324] 
1499 3052 5425 ES69 1596 3438 5270 3397 3316 4428 55( 
2729 3195 6071 3681 3020 4260 8864 5145 2732 4990 103^ 
2E09 3456 5919 3448 1995 3993 4785 3624 2625 4438 73^ 
• 
17178 30069 49378 28 450 15172 26872 45076 28389 19094 35815 556( 
11.4 llo6 11.4 11.4 14.3 14.3 14.6 14.4 20.2 22.2 24 
.946 .969 .953 .953 1.193 1.188 lo221 1.199 1.683 1.848 2.0J 
2322 2389 2439 2368 2873 2884 2995 2911 3825 3992 44! 
3905 7092 13034 6984 4072 7626 14658 8^194 4369 7344 179{ 
. 
6228 9482 15474 93 52 6945 10510 17G53 11405 8193 11336 224: 
4442 8111 14632 7907 4500 8385 15966 9305 4890 8442 195( 
6765 10500 17072 10275 7373 11269 18961 12216 B714 12434 240' 
b 51.25 59 .50 53.26 53.85 53.02 53o31 54.86 53.65 54.83 57.17 52.' 
in year 2455 2466 2560 2484 2407 2427 2453 2428 2273 2160 21< 
jre 90„G4 110.25 153c61 117.21 62.45 R6.5P 123.12 93.11 67.59 95.47 104.' 
859 1503 2469 1422 759 1344 2254 1419 955 1791 27 
in year 18162 31039 51827 '29845 12713 22618 36913 236B6 11348 19382 274! 
in year 4696 8372 15358 8294 3771 7058 13075 7763 2906 4569 96. 
sr man year 125 191 218 165 115 148 174 145 92 124 1 
3re 38.67 43.19 52.01 44.74 33.32 37.05 43.51 38.72 43.59 45.19 44.: 
3re 24.41 28.96 37.83 30.18 16.74 24.13 30.26 24.46 25.10 25.87 23., 
1.187 1.490 1.593 1.418 .826 1.216 1.313 1.165 1.058 1.186 1.3 
.920 ,962 1.055 .990 .942 1.017 1.135 1.058 .783 .904 1.0( 
1.017 •lol42 1.211 1.129 .898 1.078 1.181 1.090 .899 1.018 lai 
1646 3181 4230 2676 1039 2290 3176 2165 2310 3216 48' 
788 703 1809 1022 1083 1479 3256 1845 632 996 22 
2434 3883 6039 3698 2122 3769 6432 4010 2942 4212 70 
2971 4902 7637 4620 2550 4528 7740 4821 3463 5310 86 
2112 3399 5168 ' 3198 1791 3184 5486 3402 2508 3519 59 
649 2513 5198 2252 -323 1644 4745 1910 -362 1318 42 
an year 3397 5518 8332 5212 1642 3616 4741 3367 2504 3044 45 
an year 1709 1791 4063 2323 1932 2666 5907 3321 832 1258 23 
an year 2574 4009 6338 3879 1778 3172 5268 3345 1748 2279 34 
an year 3141 5060 8016 4847 2137 3811 6339 4022 2058 2874 42 
an year 2233 3508 5423 3356 1501 2680 4493 2837 1490 1904 29 
t 3.78 8c36 10.53 7.92 -•2.13 6.12 10.53 6.73 -1.90 3.68 7. 
-321 -215 318 204 717 335 4 
rs .247 .219 .268 .246 .490 .660 .8 
1864 2685 1967 3101 1680 29 
12891 19309 11700 18204 16721 198 
an year -1300 -982 1187 829 1463 508 • r 
t 14.46 13.91 16.81 17.03 10.05 14. 
(6.5-12 >.0) (13.0-16 .0) 
lition of i^tens see anuendix. 
26158 16223 10422 21959 32418 24400 10038 18595 30571 19659 
5270 3397 3316 4428 5566 4724 1906 3651 5448 3656 
8864 5145 2732 4990 10343 7016 2815 4222 8{-43 5268 
4785 3624 2625 4438 7341 5411 2233 3998 6271 4153 
45076 28389 19094 35815 55668 41551 16992 30466 51134 32736 
14.6 14.4 20.2 22.2 24.3 22.8 14.1 16ol 1R.4 16.1 
lo221 1.199 1.683 1.848 2.028 1.897 1.172 1.339 1.030 1.346 
2995 2911 3825 3992 4456 4174 2796 3107 3537 3144 
14658 R494 4369 7344 17963 11682 4050 7404 15791 9035 
17653 11405 8193 11336 22419 15855 6846 8428 19328 12179 
15966 9305 4890 8442 19584 12902 4552 8334 1VB19 10018 
18961 12216 8714 12434 24040 17075 7348 11441 20r,57 13162 
54.86 , 53.65 54.83 57.17 52.46 54.37 52.84 56.09 53.12 54.03 
2453 2428 2273 2160 2190 2?00 2S°7 ?31P ?312 2336 
123.12 93.11 67.59 95.47 104.46 97 .03 76.42 95.48 118.88 101.34 
2254 1419 955 1791 2783 2078 850 1523 2!: 57 1637 
36913 23696 11348 19382 27455 21905 14504 22740 53'; 17 • 24325 
1.3075 7763 2906 4569 9659 6802 38P6 6222 11219 7444 
174 145 92 124 153 133 112 145 ]68 144 
43.51 38.72 45.59 45.19 44.21 44.40 38.45 41.35 45.79 42.80 
30.26 24.46 25.10 25.87 23.53 27.19 22.24 25.92 30.73 27.18 
1.313 1.165 1.058 1.186 1.399 1.285 1.047 lo266 1.422 1.285 
1.135 1.058 .783 .904 1.006' .965 .895 .969 1.049 1.001 
1.181 1.090 .?99 1.018 iao9 1.065 .953 1.072 1.148 1.089 
3176 2165 2310 3216 4844 3785 1607 2802 4226 2869 
3256 1845 632 996 2221 1492 842 1134 2^02 1453 
6432 4010 2942 4212 7056 5277 2449 3936 66 28 4322 
7740 4821 3463 5310 8686 6497 2951 4866 8157 5305 
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4745 1910 -362 1318 4230 2323 155 1759 4620 2161 
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6339 4022 2058 2874 4284 3425 2519 3633 53 51 3942 
4493 2837 1490 1904 2911 2329 1793 2497 36 30 27,25 
10.53 6.73 -lo90 3.68 7.60 5.59 .91 5.77 9.04 6.60 
318 204 717 335 417 1017 
.268 .246 .490 .660 .807 .698 
3101 1660 2912 1604 2E51 
18204 16721 19853 13474 o
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Ikble 57. 
Sample Avcra!, ':e riu 
I tern Unit of 
Measurement 
Number of farms 
Per cent distribution of farms 
Total product 
Crop product I 
Livestock product 
number 
per cent 
& 
Cropland 
Pasture land 
Total land 
Labor on crops 
Value of land services 
Value of machine services 
Value of crop services 
Valiie of all crop capital services 
Value of crop labor 
Value of all crop services 
Feed 
Livestock input 
Other livestock input 
Value of all livestock capital services 
Labor on livestock 
Value of livestock labor 
Value of all livestock services 
acres 
acres 
acres 
months 
$ 
$ 
f: 
$ 
$ 
months 
V 
Land investment 
Machine investment 
Livestock investment 
Building investment 
Fence investment 
Total investment 
Total labor (months) 
Total labor (years) 
Value of all labor 
Value of all services except land and labor 
Value of all services except land 
tr-
wx ua.j. uuj.'vxwv3u 
Value of all services 
f: 
§ 
§ 
s? 
months 
years 
Per cent labor on drops 
Value labor per man (wage rate) 
per cent 
$ per man year 
Tkble 57o Alabama 1950, Per Farm Group EBta for Total Piarm Production 
Sample Avcra-e end Graups' str&tified by .Months of Labor and Valuo of Capital Se^vicss'^ 
. 4 -
Unit of 
Measurement Group 
Labor Labor 
11 12 13 1 21 22 23 2 31 
number 24 16 5 45 18 10 16 44 3 
per cent lfi.04 12.03 3.76 33.84 13.53 7.52 12.03 33.08 2.26 
% 837 1741 3121 1412 1352 2063 4248 2567 2091 
437 970 1154 706 887 1441 18 76 1372 1541 
400 770 1967 706 465 622 2373 1194 550 
acres 22,2 27.2 38.2 25.7 22.2 27.7 38.2 29.3 19.2 
acres 11.8 14 0 2 20.4 13.6 4.4 15.9 15.3 11.0 8.4 
acres 33„9 41.4 58.6 39.3 26.6 43.6 53.4 40.2 27.7 
months 4.2 4.6 4.6 4.4 10.4 10.0 10.1 10.2 16.2 
% 85 120 167 107 62 85 146 98 54 
h 103 228 347 175 142 276 373 257 147 
% 94 213 270 156 175 233 366 2 57 279 
$ •  283 562 784 438 379 594 885 612 479 
412 470 467 439 1037 999 1055 1036 1621 
694 1031 i 1251 877 1416 1593 1940 1648 2101 
194 322 906 318 141 333 997 496 135 § 68 214 671 187 70 114 715 314 102 $ • 26 51 49 38 29 29 84 49 6 
1 288 587 1626 543 240 475 1796 859 243 
! months 1.8 3.1 2.2 2.3 1.9 2.9 3.5 2.7 3.0 
^ e 174 3.4 220 228 188 289 368 275 ?00 
fs 462 901 1846 771 428 764 2164 1134 5i2 
1712 2410 3336 2140 1241 1700 2929 1959 1073 
A 79 137 965 198 118 335 378 262 64 
? 296 530 894 463 297 445 966 574 235 $ 
A 
272 547 400 384 310 332 821 501 51 
•P 
V 2359 3674 5595 3186 1967 2812 5094 3296 1424 
' months 6.0 7„7 6.9 6.7 12.3 12.9 15.7 12.9 l£-.2 
years .500 = 643 .572 .559 1.027 1.078 1.139 1.079 1.603 . 
585 784 687 667 1224 1288 1423 1311 1921 
.J 485 1028 2243 874 557 . 984 2 534 1373 668 
\ f: 1071 1812 2931 1541 1781 2272 3957 2684 25R9 
s b71 1148 iJ4iO »oi oiy iU70 2e8l 1471 722 
i' {"• 1156 1932 3097 1648 1843 2357 4104 2782 2 643 
! p«r cent 70.35 59.92 • 67,93 65.80 84.66 77.57 74.13 79.01 84.40 
$ per man year 1171 1219 1202 1194 1193 1195 1249 1215 llPf 
CA A *Z So 9 9 Kfi Q.'* p>a..A9. 46.59 39.02 54.79 48.69 38.80 
rm Production, 
3f Capital Services'^ 
Group ' 
: 23 
Labor Labor Capital Capital Capital All 
2 31 32 33 3 1 2 3 farms 
10 16 44 3 18" 23 44 45 44 44 133 52 12.03 33.08 2.26 13.53 17.29 33.08 33.84 33o08 33.08 100.00 
)63 4248 2567 2091 2446 5948 4253 .1127 2102 5009 2734 
141 1876 1372 1541 1763 2495 2130 691 1402 2118 1298 
522 2373 1194 550 683 3454 2122 436 701 2892 1336 
' . 7  38.2 29.3 19.2 34.5 Bl'.. 1 42.1 22.0 30.3 44.9 32.3 
5.9 15.3 11.0 8.4 12.4 28.7 20.6 8.6 13.9 22.9 15.1 
5.6 53.4 40.2 27.7 46.9 79.8 62.8 30.6 44.1 67c8 47.4 ).0 10.1 10.2 16.2 20.7 13.9 16.8 7.5 12.4 11.5 • 10.4 
85 146 98 54 99 231 165 74 104 193 12S 
276 373 257 147 271 526 396 122 257 450 27f 
!33 366 257 279 275 562 425 138 243 457 276 
594 885 612 479 645 1318 98 6 334 603 1100 677 )99 1055 1036 1621 2068 1369 1670 742 1245 1150 1044 
593 1940 1648 2101 2713 2688 2656 108 5 1848 2250 1720 
533 997 496 135 318 1613 983 169 323 1309 597 
114 715 314 102 176 960 581 71 175 838 359 
29 84 49 6 29 161 97 26 37 121 61 
i75 1796 859 243 522 2735 1660 266 535 2267 1017 
2.9 3.5 2.7 3.0 2.7 • 8.2 5.6 1.9 2«9 5.8 3.6 
289 368 275 ?00 267 814 557 138 288 536 353 
764 2164 1134 542 790 3549 2217 445 823 2854 1370 
700 2929 1959 1073 1939 4610 3297 1481 2076 3845 2463 
335 378 262 64 178 1097 650 94 199 820 369 
445 966 574 235 585 1804 1198 293 551 139S 743 
332 821 501 51 311 1125 719 273 402 932 53^! 
312 5094 3296 1424 3063 8636 5865 2104 3228 7G0L; ••10£ 
2.9 13.7 12.9 19.2 23.3 ij2.1 22.4 9.4 15.3 17.3 14. C 
078 1.139 1.079 1.603 , 1.946 1.843 1.868 .784 1.274 1.443 1.164 
288 1423 1311 1P21 2335 2183 2221 930 1533 1737 1396 
984 2534 1373 668 1068 3823 2481 526 1034 3175 1571 
272 3957 2684 2589 3403 6006 4706 1466 2£67 , 4t.ll 2^67 
U70 2b8l 1471 722 1168 4053 2646 600 1138 3367 1694 
357 4104 2782 2 643 350" 6236 4873 1530 2671 5104 3090 
o57 74.13 79.01 84.40 88.55 • 62.72 74.99 79.76 81.19 66.23 7^.7; 
195 1249 1215 llPf 1200 1185 1192 1186 1203 1204 119S 
.02 54.79 48.69 38.80 42.41 57.78 52.52 48.39 47.04 56. R4 51 .QF 
_w C1J.X XXVeO UIJ UiV 
28 Land investment ,4 
29 Machine investment 
30 LiveEtock investment 
31 Building investment 
32 Fence investment § 
33 Total investment $ 
35 Total labor (months) months 
36 Total labor (years) years 
37 Value of all labor ft 
38 Value of all services except land and labor 
39 
A r* 
Value of all services except land 
tr« .r» -•»•» - ... ci 
•x\J 
41 
wx u X 0. uoi'vxv^otj xciutji 
Value of all services 
43 Per cent labor on crops per cent 
44 Value labor per man (wage rate) $ per man year 
45 Value of land per acre f per acre 
4.6 Return to investment at 5^ % 
48 Investment per man § per man year 
49 Crop capital services per man S per man year 
50 Total land per man acres per man yeai 
51 Crop product per cropland $ per acre 
52 Crop product per all land $ per Dcre 
54 Product per all services, crops $ per f 
55 Product per all services, livestock $ per 1 
56 Product per all services, all products 1 per S 
58 Gross residuol product of labor, crops 
59 Gross residual product of labor, livestock $ 
60 Gross residual product of labor, all products 5^ 
61 Gross residual product of land and labor, all products $ 
62 Residual product of labor,all products $ 
63 Residual return on investment, all products $ 
65 Average grofis residual product of labor, crops $ per man year 
66 Average gross residual product of labor, livestock ^ per man year 
67 Average gross residual product of labor, all products 1 per man year 
68 Average gross residual product of land and labor, all products $ per man year 
69 Average residual product of labor S per man year 
70 Average residual return on investment per cent 
72 Marginal residual product of labor e 
73 Marginal labor quantity- man years 
74 Marginal residual return on investment 
75 Marginal investment $ 
77 Average marginal residual product of labor per man year 
78 Average marginal residual return on investment per cent 
80 Range of labor interval months 
81 Range of capital interval $ 
•For a detailed desciption of the orffinizKiior. oT hhe i:rt-.:le and definition of i 
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s 
$ 
months 
years 
.,'t 
1712 
79 
296 
272 
2359 
6.0 
.500 
585 
485 
1071 
b71 
1156 
2410 
137 
530 
547 
3674 
7„7 
,643 
784 
1028 
1812 
il4y 
1932 
3336 
965 
894 
400 
5595 
6.9 
.572 
687 
2243 
2931 
3097 
per oent 
$ per man year 
t per acre 
s? per man year 
$ per man year 
acres per man year 
$ per acre 
$ ner e ere 
§ per $ 
$ per •?! 
t' per ij; 
man years 
$ per man year 
per cent 
months 
70.35 
1171 
50.43 
118 
4719 
1142 
68 
19,71 
12,89 
.630 
. 866  
.724 
59.92 
1219 
58.22 
184 
5713 
1786 
64 
35.72 
23.44 
.941 
.855 
.901 
67,93 
1202 
56.93 
280 
9781 
4213 
102 
30.21 
19.69 
.922 
1.065 
1.008 
155 409 370 
$ 112 183 341 
266 592 711 
$ 352 713 878 $ 234 529 598 $ -233 -71 191 
$ per man year 440 1060 952 
per man year 754 712 1860 
1 per man year 533 921 1243 
ts $ per man year 704 1108 1535 $ per man year 468 823 1045 
per cent -9 088 -1.93 3.41 
162 
1315 
262 
1921 
12.32 13.64 
I f I 
2140 
198 
463 
384 
3186 
6.7 
.559 
667 
8 74 
1541 
aol 
1648 
65.80 
1194 
54.42 
159 
5701 
1754 
70 
27.'5 
17 o 16 
.806 
.915 
.857 
269 
163 
432 
539 
380 
-128 
731 
851 
772 
964 
680 
-4.02 
1241 
118 
297 
310 
Yb4 
1700 
335 
445 
332 
U164 
2929 
378 
966 
821 
1967 2812 5094 
12.3 12.9 15.7 
1.027 1.078 1.139 
1224 1288 1423 
557 . 984 2 534 
1781 2272 3957 
Ola iU7U 2bal 
1843 2357 4104 
84.66 77o57 74.13 
1193 1195 1249 
46.59 39.02 54.79 
98 141 255 
1916 2609 4471 
603 992 2353 
26 40 47 
39,88 52.07 49.11 
33.31 33.07 35.09 
.627 .904 .967 
1.087 .814 1.096 
.733 .875 1.038 
508 
225 
733 
795 
697 
-429 
585 
1429 
714 
774 
679 
-21.81 
846 
147 
993 
1078 
937 
-210 
1013 
607 
921 
1000 
869 
-7.47 
991 
577 
1568 
1714 
1459 
291 
1173 
1956 
1376 
1504 
1281 
5.71 
463 
.527 
879 
408 
.435 
219 
845 
938 
25„92 
861 
.567 
501 
2282 
1519 
21.95 
(2 .0-10.1)  
L 
1134 
1959 
262 
574 
501 
3296 
1 2 . 9  
1.079 
1311 
1373 
2684 
1471 
2782 
79.01 
1215 
48.69 
165 
3054 
1363 
37 
46.88 
34.11 
.833 
1.053 
, .923 
761 
335 
1096 
1194 
1029 
-117 
892 
1479 
1015 
1106 
954 
-3.55 
649 
.520 
1248 
542 
1073 
64 
235 
51 
1424 
19.2 
1.603 
1921 
668 
25F19 
722 
2 643 
84.40 a 
11PP 
38.80 4 
71 
888 
450 
17 
80.10 5 
05.69 3 
.733 
1.015 
.791 
1061 
308 
1369 
1423 
1352 
-498 
785 
1231 
854 
887 
843 
-34.97 -3 
655 
.576 
1137 
(10.2-16.0) 
c and dbf'ini tiori of i-(et;6 see aopendix. 
32 
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.9 
78 
38 
34 
72 
7U 
57 
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95 
02 
41 
D9 
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40 
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07 
04 
14 
75 
46 
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93 
78 
37 
10 
13 
07 
21 
00 
69 
47 
08 
35 
19 
45 
38 
92 
2929 1959 1073 1989 4610 3297 1481 2076 3845 2463 
378 262 64 178 1097 650 94 199 820 369 966 674 235 585 1804 1198 293 551 1395 745 
821 501 51 311 1125 719 273 402 932 534 
5094 3296 1424 3063 8636 5865 2104 3228 7002 ••lOS 
15.7 12.9 19.2 23.3 22,1 22.4 6.4 15.3 17.3 14.0 1.139 1.079 1.603 1.946 1.P'13 1.868 .784 1.274 1.443 1.164 1423 1311 1921 2335 2183 2221 930 1533 1737 1396 
2534 1373 668 1068 3B23 2481 526 1034 3175 1571 3957 2684 25n9 3403 6006 4706 14&G 2567 . -i&ll 2i,e7 
2b«l 1471 722 1168 4053 2646 600 1138 3367 1694 
4104 2782 2 643 3fiC" 6236 4873 1530 2671 5104 3090 
74.13 79.01 84.40 88.55 62.72 74.99 79.76 •81.19 66.23 
1249' 12 IB 11 Of 1200 1185 1192 1186 1203 1204 119£ 
54.79 48.69 38.80 42.41 57.78 52.52 48,39 47.04 56.84 51.98 
255 165 71 153 432 2S3 107 161 350 2 Of; 
4471 3054 888 1574 • 4687 3139 2730 2533 4854 3529 
2353 1363 450 600 2200 1416 765 893 2334 145{) 
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declines except across labor in the high caDital strata. This com­
bination could only result from an inoreasinf:; return to capital with 
increasing outputs with an accompanying increase in the ca'>ital-labor 
ratio. It indicates also that labor is in general ovemriced and 
that the return to capital rather tl-ian being npgative (as indicated 
by the residual to investment taken separately) is actually con­
siderably higher than the five per cent used in finding the 
residual product of labor. 
In the North Iowa sample both the labor and investment residuals 
decline as more labor is added in comparisons within capital, across 
labor strata. This again indicates a general overpricing of labor 
and undervaluation of theearning capacity of canital. Notin,'^ that 
the ratio of livestock to crop output in the largest capital strata 
(and across labor) declines, it might have been exoected that the 
residual to both or at least capital may have increased. This 
might indicate a relatively higher incidence of tmderemployed labor 
in the livestock computations than in those for crops. The figures 
in general point to the higher earning capacity of all resources 
combined when used for the larger outputs and at fairly hi^ 
capital-labor ratios. There is less consistency in the shifts of the 
residuals in iVfontana, Here, it is reasonable to assume that the changing 
composition of product plays a dominant role but a very high earning 
capacity of capital is indicated especially for the larger outputs when 
this is taken into aceount. The marginal products computed by residual 
methods for between-oell shifts point to general conclusions identical 
to those given above for the average products. 
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IX. SUUUARY AM) COICLUSIONS 
Eoonomlo efflolenoy la as important in agriculture as in any 
other segment of the eoononiy* Measxures of the level of eoonomio 
effioienoy and information necessary for inproving it are rather 
meager for agriculture* In this study an atten^t has been made to 
add to existing knowledge in two wayst (1) through the development 
and/or refinement of concepts and techxiiques for the measurement of 
productivity end (2) through the application of these to data in maJcing 
en^irioal estimates of productivity and in making inferences from these 
regarding the isprovemsnt in the level of economic efficiency* 
Pour eureas were selected to represent different l^pes of agri-
oultura* These were spring wheat in Montana* ooi>n in Northern Iowa and 
in Southern Iowa and ootton in the Piedmont area of Alabama* In each 
area sasples of farms were selected and ooiq>lete input-output data for 
the year 1960 were recorded for 133 to 151 farms by means of surveys 
of individual farmers* In addition sample survey data for the two Iowa 
areas for 1939 were utilised* Two basic techniques of analysis were 
used* These weret (1) the fitting of various Cobb-Douglas and 
polynomial production functions to data for each of the areas and (2) 
the confutation of residual '^productivities** for groups of farms 
stratified simultaneously and independently by labor and capital 
services* In both oases the analysis was made for crop and livestock 
production treated separately as well as taken together* 
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The methods enployed in the produotion funotions involved three 
points of departure from preceding studies using similar statistical 
techniques* These weret (l) the separation of crop produotion from 
livestook produotion, (2) e consistent atteo^t to measure resource 
servioe flons rather than a mixture of flow and stook resources and 
(3) the elimination of specific items of expense which are not physical 
inputs* The activities of management were defined so that management 
does not enter directly into the produotion function. 
The production funotions as fitted are not pure or ideal* The pro­
duction function is fitted to observations as they are found in the 
san^le* It provides an estimate of the total product for any and all 
combinations and quantities of the factors* The predicted product 
represents that product forthcoming on the average of that kind and from 
those types of resources and with the specific techniques employed in 
that vicinity in factor space* The surface is* therefore* a typg of 
l^brid* The productivities which are derived from the functions inply 
that the teohniques of production* type of product etc* must change in 
the same way between farms as in the sample if the results specified by 
the produotion surface (function) are to be obtained in other situations* 
The fitted surface provides only an average of what existed in the 
8a]i|>le« and does not imply that better produotion methods are not 
possible* 
The Cobb-Douglas function applied to orops or livestock separately 
may be used to provide an estimate of the general level of productivity 
in agrioultvire by geographic areas or type of farming areas and to study 
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the nature of returns to soale. The function nay be used also to 
provide an estimate of the productivity of individual resources in an 
area^ to detect general misallocation of resources and to determine the 
direction of adjustment required in the long run to improve the level of 
economic efficiency in an area by resources reallocation. The results 
of such analysis are probably most useful in comparisons of productivity 
of individual resources for the area as a whole and for comparisons 
between areas* It is doubtful that resource productivities con^iuted for 
individual farms are very useful* High correlation between the input 
variables may distort the resulting productivity estimates. In some 
oases the true productivities may be indeterminate. Multicollinearity, 
however, does not affect the ability of the function to predict output. 
The skewness of the distributions of the input and output variables 
and the fact that deviations from expected outputs are probably propor­
tional to the size of the aggregate input leave the polynomial functions 
as fitted almost useless in determining the nature of returns to soale 
from a random sample of farms. The application of the Cobb-Douglas 
function to the aggregate output (crops and livestock together) to 
determine the degree of returns to soale for the firm as a whole was 
voided by the changing coo^osition of the output variable and the non-
homogeneity of at least the land input veuriable. 
There were considerable differences in the productivity of resources 
both between areas and between orops and livestock within areas. The 
general level of resource productivity was higher for crops than for 
livestock. For crops the productivity of resources in the aggregate was 
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highest in Montana followed by North Zowa« South Iowa and Alabama in 
that order. For liveatook, the differenoes were much smaller but 
productivity tended to be highest in Montana* followed by South Iowa, 
North Iowa and Alabama in that order* Returns to soale for orope were 
increasing and were more nearly constant for livestock. The degree of 
returns to outlay was considerably higher than returns to pure scale. 
For both crops and livestock in Alabama* a major change in techniques 
as well as in soale appears to be the only solution to low resource 
productivity in that area* 
The results in both types of analysis indicated that the optimum 
outlay line is not approximated by any scale line. As output increases 
in crop production* the optimum outlay line intersects soale lines 
representing higher ratios of land to other resources and also at higher 
ratios of machinery to labor. In livestock production* the optimum 
outlay line probably intersects scale lines representing higher capital-
labor ratios as output increases. Indicated also is the ability to 
reorganize resources in such a way that large increases in capital may 
be added without varying labor and without reducing capital productivity 
materially. Similar increases in labor without changing capital yield 
very small responses. The tabular analysis indicated that substantial 
error is involved in in^uting residual earnings to factors to indicate 
resource productivity. 
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Xn. APPENDICES 
Appendix A. Sampla Areas 
1. Montana 1950 
(a) The sample areas in Montana Included all of the counties; 
Chouteau, Daniels, Davson, Fallon, Fergus, Hill, Judith Basin, Liberty, 
McGone, Prairie, Roosevelt, Sheriden, Toole, and Vibeau. Included also 
vere parts of Cascade, Pondora, Richland, Teton and Valley.^ In the 
first four of the latter group certain P.M.A. communities were omitted 
because of a high proportion of irrigated farms. 
(b) The census tabulations in Table 1 vere made using data from 
the first group (14 counties) only. 
2. North Iowa 1950 
(a) The sample area in North Iowa 1950 included all of the counties: 
Buena Vista, Calhoun, Cherokee, Clay, Dickinson, Emmet, Franklin, 
Hamilton, Hancock, Hardin, Hxaabolt, Kossuth, O'Brien, Osceola, Palo Alto, 
Pocahontas, Sac, Webster and Wright.^ 
^See figure 3 for the location of these counties. For the 
approximate location of the P.M.A. communities actually sampled see 
Fienup, Darrell F., Resource Productivity on Montana Dry-land Crop Farms, 
Mimeo. Circ. 66, Montana State College, Bozeman, Montana, Jvine 1952, p.37. 
o 
See figure 4 for the location of these counties. 
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(b) The census tabiilations in Table 1 were canputad for the saine 
counties. 
3' South lova 1950 
(a) The sample area in South lova. 1950 included all of the counties: 
Adams, Appanoose, Clarke, Davis, Dcscatur, Jefferson, Keokuk, Lee-,Lucas, 
Madison, Mahaska, Marion, Monroe, Ringgold, Taylor, Union, Van Buran, 
Wapello, Warren and Wayne.^ 
(b) The census tabulations in Table 1 vere computed for the same 
counties. 
Alabama 1950 
(a) The sample aiea in Alabama included all of the coimties Chambers 
and Randolph and parts of Clay, Cleburne) Coosa, Lee and Tallapoosa.'^ 
(b) The census tabulations in Table 1 were computed for the same 
counties. All farms in each of the seven counties were included, however 
5. North Iowa 1939 
The sample area for North Iowa 1939 was identical to North Iowa 1950 
6. South Iowa 1939 
The sample area for South Iowa 1939 was identical to South Iowa 1950 
^See figure 4 for the location of these comities, 
'^eo figure 5 for the location of these counties. 
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7. Deflnitioas of Ifeeffls in Table 1 
The first five items are averages of sll counties in tha areas for 
the items listed identically in the census of agriciiltura 1950. 
"S9lactad row crops" includes in Montana, corn for all purposes uiid in 
North Iowa, South Iowa and Alabama, corn and soybeans for all purposes. 
In Iowa most soybeans ware used for grain and in Alabama moat soybeans 
word usad for hay. 
"Cotton" is taken directly from the census. 
"Small grains" include the following; la Montana, North Iowa and 
South Iowa, grains grown together and threshed as a mixture; winter 
wheat, spring wheat, oats and barley threshed or combined; oats cut for 
feeding unthreshedj lye, flaxse 2d and other grains. In Alabama small 
grains include wheat, oats for all purposes and other grains. 
"Repairs, fuel, seeds, etc," includes aachine liiray seeds, bvilbs, 
plants and trees; gasoline and other petroleum fuel and oil; tractor 
repairs and other fans m achinery repairs raported as purchased in the 
census. 
All other items are taken directly from Identical census headings 
or were computed and are self explanatory. 
Appendix B. Computational Methods 
Appendix B is designed to provide essential detail on definitions, 
computational methods and conversion factors with which it was uot con-
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siderad desirable to burden the text. In addition, differenoes in 
methods used in the veirious san^les are provided* The most detailed 
functions are considered first so that the more aggregate data used 
in the later functions may be more summarily described by reference to 
preceding sections. 
1. Crop Function 1 
(a) Montana 1960. Crop product includes the value of all crops 
produced and certain miscellaneous receipts. The prices used were the 
8aii{)le average of all farms. These were, in dollars} winter wheat 
1.91 (bu.); spring wheat 2.00 (bu.) t barley .99 (bu.)} oats .68 (bu.)i 
oat hay 21.38 (ton)} crested wheat grass seed .18 (lb.){ hay 18.46 (ton)} 
pasture 2.38 (acre)} native hay 19*02 (ton)} mustard seed .13 (lb.)} 
flaxseed 3*30 (bu*)} alfalfa hay 24*93 (ton)} seed 27*72 (bu*)} 
rye hay 26.96 (ton)} wheat hay 26.95 (ton)} straw 10*00 (ton)} sweet 
clover hay 20*00 (ton)} com stover 13*71 (ton)} millet 20.00 (ton) 
and mixed tame hay 19.83 (ton). The value of all pasture was confuted 
using a nine-month grasing season and a value of $0*80 per ^ imal Unit 
month. Animal IMit equivalents follow the animals listedi cows, bulls 
value per bu* of $1*95 was used in areas VI and VII emd $2*04 
per bu* was used in areas III and IV* 
figure of ^ 0«80 per A«U.Ma was calculated from **Basis for 
Developing Sliding Scale System for Grasing Fees" (mineo.). United States 
Soil Conservation Service, U«S<D«A«, November 20, 1917< 
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and 2~year-old steers and heifers (l.O)j i-year-old steers and heifers 
(.75)J calves after weaning (.5)j ewes end rams (.2); lambs after 
weaning (.l)j sows and boars (.2); pigs after weaning (.l)j horses (l.O); 
2-year-old colts (•75); 1-year -old colts (.5) and colts under 1 year 
(.25). The value of th3 garden was included at the value of the 
individual farmer. All miscellaneous receipts wera included under crop 
product at the value given by the operator. These included: temporaiy 
labor off farm if this was not large, but if it were, it was omitted Eind 
a corresponding adjustment was made in crop labor amployedj tractor work 
for othersj P.M.A. benefit payments; gas tax refunds and cash or share 
rent received for land or pasture if an acreage adjuatoient could r.ot be 
made. Insurance receipts were excluded. In the case of crop failure the 
observation was discarded. 
Cropland was defined as all land seeded to the crops for which 
prices are listed except hay and pasture used for forage. It includea 
fallow land. 
Pasture land was defined as all land on wliich hay or pasture was 
grown for forage purposes. Waste land was excluded. 
Crop labor was computed for all labor by multiplying labor for all 
purposes by the proportion of all labor used on crop production. All 
labor was the farmer'g estimate of months of labor used whether operator, 
operator's wife, family or hired, converted by him to a full man-
equivalent basis. Only that labor actually employed was enumerated. A 
definite attempt was made to exclude labor available but not actually 
employed in productive work. 
Z09 
Uaohlne servioes ware doflnsd as the Biun of oustom work hired* 
fuel and lubrication used in the calendar year and estimated deprecia­
tion and repairs. This assumes that fall work applicable to the 1950 
crop was the same as fall work applicable to the 1951 crop because of 
the difference in the crop emd calendar years* No adjustment was made 
for the value of fall tillage* Hired oustom work, fuel and lubrication 
were obtained directly from the operator. Depreciation and repairs were 
oon|>uted from the farmer's estimate of the new value of the machinery and 
equipment which he used. This was considered to be more representative 
of actual physical input than had actual repairs made during the year 
plus a depreciation allowance been used* Costs so conputed do not fully 
reflect user depreciation since no account is taken of differentials 
in the acreage covered by the same size of machine* The rates* which 
cover both depreciation eaid repairs* were as followst tractors *09; 
pick-up truck *10} other trucks aOS?! drill *043} combine *11; baler 
7 
*125| field chopper *094; and all other machinery and equipment *056* 
Automobile expense was excluded* 
Crop services include the value of home grown seed sown* purchased 
seed* fertiliser* lime and weed spray* Included also was a portion of 
emnual building and fence costs* The value of all buildings (including 
house) was multiplied by *025 to obtain the total annual input of pro-
^These rates were confuted by weighting rates given in Heady* E* 0.* 
Hopkins, J. A** and McKibben* E. E.* Cost* Distribution and Utilisation 
of Farm Machinery in Iowa* Research Bulletin 323* Iowa State College* 
Ames* Iowa* October 1943* 
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duotive buildings• This was multiplied by the proportion of labor used 
on crops to find the annual input of buildings allocable to crops. The 
total annual cost of fence was computed by multiplying the investment 
in fences by .06* This was multiplied by the proportion of cropland 
to all land to obtain fencing cost to crops. The investment in build­
ings and fences was obtained from the operator. 
(b) North Iowa 1950. Crop product includes the value of all crops 
produced and certain miscellaneous receipts. State average prices as 
computed by the Iowa Orop and Livestock Reporting Service were used. 
For those crops not listed by the above source^ sample average prices 
were used on all farms. The prices used were* in dollarsi corn 1.28 
(bu.); oats 0.93 (bu.}; soybeans 2.46 (bu.)| barley 1.25 (bu.); 
wheat 2.01 (bu.); and flax 3.40 (bu.). Because of wide variations in 
quality, hay was valued by the operator. When no value for hay was 
obtained, the following prices were usedi alfalfa hay $18 per ton; 
legume hay $16 per ton; oat and other hay $14 per ton and cane $16 
per ton. Certified seed oats were entered at $2.40 per bushel. Grass 
and clover seeds were valued by the operator at current local prices. 
The value per acre of pasture land was also estimated by the operator at 
the local rental rate. Ndsoellaneous receipts which were also Included 
in crop product weret temporary labor off farm, tractor work for others» 
other machine work, P.M.A. benefit paymentst gas tax refunds and cash or 
share rent for land or equipment if no appropriate adjustment for 
excluding factors used was possible. Insuranoe was excluded as was 
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income from non-agricultural sources. 
Cropland included all land in crops including all hay and rotation 
pasture Imt not permanent pasture* Waste land was excluded. 
Pasture land included all land in permanent pasture and woodland. 
Crop labour was computed as for Montana. 
Machine services were computed as the sum of custom work hired) 
fuel and lubrication and depreciation and repairs. To find depreciation 
and repairs the new value of machinery and equipment was multiplied by 
factors as follows! tractors .09, pick-up trucks .10, other trucks .087, 
combine or binder .11, corn picker .094, baler .125, field chopper .094 
and all other machinery fuid equipment .06. Automobile expense has been 
excluded. 
Crop services included the value of all fertilizer, lime, home 
produced and purchased seed, and field spray materials. No service input 
of buildings or fences was allocated to crops. 
(c) South Iowa 1950. Methods, prices and depreciation rates 
identical with those for North Iowa 1950 were used in South Iowa 1950. 
(d) Alabama 1950. Because of the nature of the data some differences 
in computational methods were necessary. The methods used are given below. 
Crop prdduct included the value of all crops produced and miscellaneous 
receipts both as valued by the operator. Standard prices were not used 
because of the diverse types of crops produced and the small acreages of 
many crops. Miscellaneous receipts included labor off farm, if no adjust­
ment could be made on labor input, machine work off farm, P.M.A. payments 
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and gaa tax refunds but did not include insurance or receipts from non-
agricultural sour6es. Where no value was given by the operator, pasture 
product was valued as followsi on croplarid <lilO per acre, improved pasture 
$9 per acre and unimproved pasture $3 per acre while woods pastured were 
excluded. These were average values computed from those observations 
for which values were obtained# The last two were used for all farms. 
Cropland included all land in crops including temporary and 
improved pasture and idle cropland but not including unimproved pasture. 
On some farms a considerable portion of cropland was idle. 
Pasture land included only unimproved pasture. Woods pastured, 
woods not pastured and waste land were excluded. 
Crop labor was computed an for the preceding samples except that 
value of landlord labor was converted to months at $125 per month and 
the value of hired labor was converted to months at $75 per month and 
both added to the total of operator and family labor before the division 
between crops and livestock was made. 
Machine services in Alabama included custom work hired, fuel and 
lubrication, value of horse and mule feed, depreciation on all crop 
machinery and equipment items at 10 percent of current investment, 
machinery repairs computed at 5.5 percent of current investment on 
farms without tractors and 2.0 percent for those with tractors and 
ginning expense. In addition, workstock depreciation at $7 per head 
was included. 
Crop services included, fertilizer and lime costs, value of seeds 
and plants, field spray materials and legume inoculation. 
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(e) North Iowa 1939. It was neoessary to use somewhat different 
eomputational prooedures on the 1939 data since complete data were not 
available* Crop product includes the same items as for the 1950 samples. 
Prices in dollars for crops produced were as follows: corn for grain 
.43 (bu.){ corn for silage or fodder 2.00 (ton); corn hogged off 
»43 (bu.), cane 4,00 (ton)| sorghums 2.00 (ton)} wheat ,63 (bu.)} 
oats ,25 (bu.)} barley .35 (bu,)} rye .35 (bu.)} soybeans ,78 (bu.)} 
flax 2,00 (bu.)} alfalfa hay 7.00 (ton)} soybean, sweet cloyer and 
other legume hay 6,00 (ton)} clover and timothy, and grain hay 5.00 
(ton)J wild hay and sudan grass 4.00 tonj rotation pasture 2.50 (acre) 
and permanent pasture tillable and non-tillable 2.00 (acre). Miscella­
neous receipts included farm and non-farm work off farm, machine work 
off farm, P.M.A. benefit payments and income from land rented out. 
Cropland included land in all crops except permanent pasture 
tillable and non-tillable. 
Pasture land included permanent pasture tillable and non-tillable 
woods and idle and fallow land. 
Total labor was computed by converting days of hired labor to 
months by multiplying by .04 and adding this to operator and family 
labor which was recorded without adjustment for man equivalents of 
family labor. Crop labor was computed by multiplying total crop acres 
by ,06. The remainder of the total labor computed above was considered 
as livestock labor. Some individual adjustments were necessary using 
this method. 
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Machine servioes included the followingi feed fed to horses at 
$23.00 per head on hand during the year; horse depreciation at $7«00 
per head, annual input of machinery (depreciation and repairs) com­
puted at 10 per cent of the present value of all machinery; tractor 
and truck expense in addition to the above depreciation as computed 
on the original survey and value of machine hire* 
Crop services included value of fertilizer and lime, field spray 
materials, purchased seed, miscellaneous supplies (i.e. twine, etc.) 
and home grown seed. The latter waa computed in dollars by applying 
the per acre rates as followsi corn ,08, sorghums .30, wheat .63, 
oats .70, barley .70, rye .70, soybeans .80 and flax 1.50. These did 
not duplicate any purchased seeds used. 
(f) South Iowa 1939. Methods, prices and depreciation rates 
identical with those for North Iowa 1939 were used in South Iowa 1939. 
2. Crop function II 
(a) Montana 1950. Crop product includes the same items as in crop 
function I except that the value of all pasture and hay forage was ex­
cluded. Cropland not pasture and labor, were identical with crop 
function I while machine-crop services included the sum of machine 
services and crop services as computed for crop function 1. Note that 
hay and pasture land and the corresponding output was excluded from this 
function 
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(b) North Iowa 1950. Crop product II included the same itema as 
for crop function I except that the value of rotation and permanent 
pasture was excluded. Note that the value of hay was included. Crop­
land not pasture included the same items as for cropland in crop 
function I except that acres of rotation pasture were excluded. Crop 
labor was identical with the same item in crop function I, Machine-
crop services included the sum of machine services and crop services 
as computed for crop function T« 
(®) South Iowa 1950. Methods identical v/ith those for North Iowa 
1950 were used in South Iowa 1950. 
(d) Alabama 1950. Crop product II included the same items as for 
crop function I except that value of all types of pasture ^ vas excluded. 
Cropland not pasture included the same items as for cropland in crop 
function I except that acres of temporary and improved pasture and 
idle cropland were excluded. Labor was identical with labor in crop 
function I. Machine-crop services included the sum of machine services 
and crop services as computed for crop function I. 
(e) North Iowa 1939. Crop product II includes the same items as 
for crop function I except that the value of all pasture was excluded. 
Cropland not pasture includes the same items as for cropland in crop 
function I except that acres of rotation pasture were excluded. Labor 
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identical with labor for crop function 1, Machine-crop eervices 
included the sum of machine services and crop services as computed 
for crop function I. 
(f) South Iowa 1939» Methods identical with those used in North 
Iowa 1939 were used in South Iowa 1939. 
3. Crop function III 
(a) Montana 1950. Crop product was identical with that used in 
crop function I. The input variable was the sum of the value of all 
inputs included in crop function I. The value of land services was 
computed by multiplying the operator's estimate of value of all land 
exclusive of buildings by «05. Value of all labor services was 
estimated by the operator and was allocated between crops and live­
stock by the proportion of all labor used on crops as estimated by the 
operator. To these two items was added the value of machine-crop 
services as computed for crop function II. The total input so com­
puted included the value of all services used in producing the crop 
product. 
(b) North Iowa 1950. The same procedure as for Montana was used. 
It may be noted that for almost half of the observations the value of 
labor had to be estimated from the months of each of the types of 
labor employed. Where this was necessaryi the following rates per 
month computed from all sample observations giving values in North and 
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South Iowa were usedj operator $210, wife $145, family $155 and hired 
labor $140 per month. Most hired labor was on a daily basis in which 
case $200 per month was used. 
(c) South Iowa 1950. Methods identical with North Iowa 1950 were 
used in South Iowa 1950. 
(d) Alabama 1950. The same procedure as for Montana was used 
except that months of crop labor as calculated for crop function I 
were converted to values at $100 per month. 
(e) North Iowa 1939. The same procedure as for Montana was used 
except that months of crop labor were converted at the rates given by 
the individual operators for the sample. 
(f) South Iowa 1939. Methods identical with North Iowa 1939 were 
used in South Iowa 1939. 
4» Livestock function I 
(a) Monona 1950. Livestock product included the value of all 
livestock except breeding stock either sold during the year or on hand 
at the end of the year. Specifically, livestock product included the 
value of non-breeding stock on hand at the end of the year, non-breeding 
stock sold, livestock products sold, livestock and livestock products 
used in the household and breeding stock raised. Breeding stock 
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included beef, dairy and oheop hardo but did not include sows and 
boars nor poultry flocks. Tho laat two wero omitted from breeding herd 
computations to simplify computations and since in practice there is an 
annual or near annual turnover of breeding herds for these items. Prices 
used were those estimated by the individual operators. Wide variation 
in grades, types and qualities together with difficulties in recording 
weights made it impossible to use standard prices. Breading stock 
raised were valued at the average year-end inventory values for the 
particular class of livestock. Products used in tha household were 
valued at their opportunity price to the farm business. 
Feed fed included tho value of feed produced on the farm and pur­
chased fead. Feed purchased was entered at its cost value while feed 
fed was computed from the total product (in tho case of share rented 
farms from the operator's portion) making allowance for changes in 
inventories, purchasest sales, seed and household use. Prices,the 
same as were used for the value of crop product, were used in valuing 
the individual items. 
Livestock labor was computed using the same method as for crops 
(i.e., total labor multiplied by the proportion used on livestock). 
Livestock labor plus crop labor accounts for all the labor used on tho 
farm. 
Livestock input included the value of non-breeding stock (defined 
as for livestock product) on hand at the beginning of the year, value 
of non-breeding stock purchased and breeding herd depreciation. The 
depreciation rates used were $10.50 per head for dairy cows, $7.50 
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per head for heef cows and $1»50 per head for sheep. These rates were 
estimated to be the average annual loss in value per head from the time 
of the animal's entry into the herd until it would be sold at the end 
of ita useful breeding life. 
Other input included the value of building services, value of 
fence services, veterinary services, medicines, etc., breeding fees, 
registration fees and purchases of miscellaneous small equipment for 
livestock production. Building services were estimated by multiplying 
total investment in all buildings (including house) by .025 and allo­
cating to livestock the same proportion as livestock labor was of 
total labor. Fence services were estimated by multiplying total fence 
investment by .06 and allocating to livestock the same proportion that 
pasture land vnxe of total land. The other services were actual ex­
penses incurred during the year. 
(b) North Iowa 1950. P/iethods identical with those used for 
Montana 1950 were used in North Iowa 1950 except that in other input, 
fence services were omitted and all building services were allocated 
to livestock. In this sample annual building services were computed 
by multiplying the current value of buildings exclusive of the house 
by *04. This factor was intended to cover both depreciation and repairs. 
(c) South Iowa 1950. Methods identical with those for North Iowa 
1950 were used in South Iowa 1950. 
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(d) Alabama 1950. The aarne items were includod in each of the 
variables as for North Iowa 1950 but some of ths computational pro­
cedures differed. Horses and mules v/ere excluded from the livestock 
estimatefi. Dairy cattle depreciated at $10.00 per head rather than 
$10.50 and both dairy and beef breeding; cattle raised were valued at 
.'l;200 per head rathor than at the bresdinc herd average value. Because 
of the relative importance of workatock in Alabama and the difficulty 
in obtaining inventories of feeds, a direct method of computing dry 
feed fed (both home produced and purchased) was used. This excluded 
feed fad to horses and raulas but included the value of pasture as 
computed for crop output. Total labor was computed as for crop func­
tion I and from this livestock labor v/as estimated by multiplying the 
total by the proportion of total labor used on livestock. Annual 
building services (included in other input) wore estimated by multi­
plying the value of buildings exclusive of the house by .08. 
(e) North lot/a 1939. The same items v/ere included in each of the 
variables aa for North lov/a 1950 but somo of the computational proced­
ures were different. Livestock product y/as computed in the same way 
except horses were excluded. Breeding stock raised ware valued as 
follows! dairy heifers $50, beef heifers $60 and sheep $6. 
Livestock labor was computed as the residual of total labor after 
deduction of crop labor as computed for crop function I. In a few 
oases special adjustment was necessary. 
Livestock input was computed in the same way except that depre­
ciation rates were as followst dairy $5.00 per head, beef $3.00 per 
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head and sheep $0.75 per head. 
Annual building services ^vhich were again included in other input 
wore computed by multiplying the total value of all buildings by ,03. 
(f) South Iowa 1939. ?^ethod£i identical with Morth lovra 1939 
wsre used in South Iowa. 
5. Livestock function II 
In all six samples identical procedures wore used. Livestock 
product was the same as for livestock function I, Labor was identical 
with labor in livestock function I. All other inputs included the 
sum of the other three items of livestock function I all of v/hioh 
v/ere originally measured in dollar terms. These were feed fed, live­
stock input and other input as previously computed. 
Livestock function III 
In all six samples identical procedures were used except in 
valuing labor. Livestock product was the same as for livestock function 
II, In all cases the value of labor as described belov/ was added to 
the value of all other inputs computed for livestock function II to 
form the value of all livestock inputs. In each case the total value 
of all labor as computed for crop function III was portioned betv/een 
crops and livestock by the proportion of total labor used on livestock. 
Only the value of labor used on livestock is included here. See crop 
function III for differences in valuing all labor. 
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7. Aa.iy.reKate function I 
In all six samples identical procedures were used. Total product 
Includes the value of crops (crop product 1) and the value of liveotock 
(livestock product I) produced on the individual farms. Labor-cnpital 
services include the value of all crop services (except the value of 
land services) as computed for crop function III as v/ell as the value 
of all livestock inputs as computed for livestock function III. As 
such*labor-capital services include all inputs used in agricultural 
production except land. This variable was designed to include all 
inputs geographically mobile in the long run. Land measured in acres 
was computed as the sum of cropland ftnd pasture land as used in crop 
function 1, 
8. Apigregate polynomial functions 
In each of the areas identical methods were used. Total product 
was identical with that used for aggregate function I. The value of 
all inputs includes the value of labor-capital services as computed 
for aggregate function I as well as the value of land servicso sn 
computed for crop function III, The input variable represents the 
value of all services used in agricultural production. 
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Appendix C. Computational Procedures in the Tabular Analysis 
1» Prop production 
The method of stratification was described in Chapter III. In 
Tables 46 to 57 inoluaive» the digits at the column head refer to the 
cell group code. The first digit in all cases refers to labor and the 
latter refers to the capital group to which the farms in the cell belong. 
In Tables 46 to 49 inclusivei the lines in which the titles are not 
self-explanatory were computed as follows. 
Total crop product 1 is the same as crop product in crop function 
1. 
Total crop product II is the same as crop product in crop function 
II. 
Cropland is the same as cropland in crop function I. 
Cropland not pasture includes those items of cropland that were 
included in cropland in crop function I but excluded in the land vari­
able in crop function II (See Appendix B). 
Pasture land is the same as pasture land in crop function I, 
Labor on crops, machine services and crop services are identical 
with the corresponding items computed for crop function I. 
The value of land, machine and crop services is the sum of these 
items as given above (i.e., lines 10 11 15 in Tables 46 to 49). 
Machine investment (new) is the operator's estimate of the cost 
at 1950 prices of replacing all machinery with new machines providing 
comparable services. 
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Machine investment (pi-esent) is the operator's estimate of the 
1950 market value of machinery in its present condition (present 
inventory of machinery). 
Building and fence investment on crops is the sura of the present 
value of the two items and was allocated between crops and livestock 
in the same way as were their services for crop function I, 
Land investraont is the farmer's estimate of the value of land 
(rented and owned) exclusive of buildings. 
Total investment on crop resources is the sum of investments 
in machinery (px'esent value), buildings, fences and land (lines 18 • 
19 + 20). 
Per cent labor on crops is crop labor divided by total labor 
(crop labor plus livestock labor) expressed as a per cent. 
Value of labor on crops is the value of all labor used on 
farms, as estimated by the operator, times the per cent labor used 
on crops. 
Value of all services is the sum of land, machine, crop and 
labor services used on crops (lines 15 + 24). 
All of the remaining items have been computed from the fore­
going basic data. 
Total land, value of land per acre and labor cost per man (wage 
rate) were computed by adding or dividing the appropriate items. 
Return to investment at five per cent ia five percent of total 
investment. 
All of the factor-factor ratios from line 32 to 38 inclusive 
are self-explanatory. 
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Product in all cases refers to crop product I. The product-
factor ratios in lines 40 to 43 inclusive are all gross product retios 
(i.e., total product divided by the quantity of the factor). 
Gross residual product of labor (line 45) is the per-farm 
residual remaining after subtraction of the value of land, machine 
and crop services from the total crop product (line 4 - line 16). 
Note that this involves subtraction of five per cent interest on 
investment for land but not for machinery or other factors. 
Gross residual product of land and labor (line 46) is the per-
farm residual after subtraction of the value of machine and crop 
services only (line 4 -f 16 - 15), 
Residual product of investment (line 47) is the per-farm resi­
dual remaining after subtraction of the value of machine, crop and 
labor services. It represents the residual possible to allocate as 
interest on total investment. 
Residual product of labor (line 48) is the per-farm residual 
remaining after subtraction of the value of machine, and crop 
services and five per cent return on total investment (lines 4 - 10 -
11 - 30). Note that five percent on total investment is equivalent 
to land services plus five per cent of machinery and other invest­
ment. 
Lines 50 to 53 inclusive are the above four items expressed in 
terms of rates per unit of input. As such they are averages per man 
year or per dollar invested. Line 50 s line 45 f- line 13. 
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Lino 51 » line 46 •; line 13. Li^e 52 = lino 47 f lino 21 oxprsGsed 
as a per cent. Line 53 r lino 48 f line 13. 
Marginal residual product of investmont (line 55) is computed 
as follows. In moving from cell 11 to cell 12, total capital 
aervioes and the corresponding investment changs considerably '.vhila 
labor is held almost constant, Tho direction of inovsmont is within 
labor but between capital strata. The ;jiarginal residual product of 
investment is the difference between the residual product of invest­
ment in the two cells. Similarly, marginnj investment (line 56) is 
the change in total investment between tho two groups, Avarago 
marginal residual return on Investment is the average rate of return 
on investment in moving between the two oells (line 55 r line 56 
expressed ae a percent). The result is entered in the call at the 
larger quantity of resource use avon though the figuro actually re­
presents the average marginal productivity of resource use betv/eon 
the cell and the lovjer ong. Note that there is an automatic adjust­
ment for the small differencea in the quantity of labor used \7ith this 
priced at the market rate, A similar figure has been computed for all 
possible one-coll movements within labor strata and between capital 
strata. In addition estimates have been made for the three capital 
strata comprised of all farms v/ithin capital strata regardless of 
labor group. 
Marginal residual product of labor and marginal labor quantity 
were computed in a similar manner. The marginal residual product of 
labor (line 57) is the change in the residual product of labor 
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(lino 48) botv'oen labor strita but within capital strata# The correa-
pondirig chr.ngs in the quantity of labor (line 58) is computed from line 
13. Tho P-vgrags maririnal rsaidual product of Ic.bor (line 61) is the 
change in the residual product of labor (line 57) divided by the 
ohange in the quantity of lj?bor (line 58). Aijain, since the com­
putations are made v/ithin a capital stratum, capital quantity remains 
almost oonotant but the method provides an automatic adjustment at 
five per cent for the change in investment that does occur. In 
addition similar estimates have been made for the three labor strata 
comprised of all farms within labor strata regardless of the capital 
group. 
Lines 63 to 67 inclusive are the specified items as calculated 
from crop function TI usin,^ the avora^e quantities of resources 
employed by the farms in each cell. 
In lines 59 and 70, the ranRes of the inputs for the farms falling 
in the strata are given. For example, all farms within labor stratum 
1 employed between 1.0 and 9.0 months of labor in Montana. Note tliat 
this range nuplies also to cells 11, 12 and 13 even though the rajijje 
for any one of the three primary cells mej'- have been somewhat shorter 
than that for the stratum as a whole; The remaining ranges for labor 
and capital as listed for the other strata apply in a sindlar way. 
2. Livestock nroduction 
The method of stratification for Tables 46 to 57 inclusive was 
described in Chapter III. The method of coding identifying the 
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oolurnne is similar to that used for crop production. In Tables 50 to 
53 inclusive, the lines in which the titles are not self-expltinetory 
are computed as follows: 
Total product, feed input, liveetook input, and labor on livestock 
(lines 4, 5, 5, 7, 9 and 10) are identical to the corresponding items 
as computed for livestock function 1, 
Value of feed, livestock and other input is the sum of these three 
items (lines 5+6+7) and represents total capital inputs used in live­
stock production, 
Note that the difference between total investment (line 14) and the 
sum of livestock investment (line 12) and building invect.'nent (lino 13) 
is investment in fences which was allocated to livestock but not 
recorded in the tablo. 
Per cent labor on livestock is the operator's ectimate of the pro­
portion of total farm labor used in oaring for livestock. 
Value of livestock labor is the total value of all labor as esti­
mated by the operator multiplied by the proportion used on livestock. 
Value of all inputs is the sum of the value of all services used in 
livestock production (lines 5 + 6+ 7 •#•17), 
Labor cost per man is the value of all labor used on livestock 
divided by the years of labor so employed. 
Return to investment at five per cent is five per cent of total 
investment. 
Cross residual to labor (line 31) might have been called gross 
residual product of labor, It is total product per farm less the value 
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of all inputs except labor but includec intsroot on investment (i.e. 
line 4 - line 8)» 
Gronfj y^sirlunl to all other tbnn labor is totol product por furni 
less the value of labor sorvicos. 
Reoidual to inver-tment is tho por-far:n residual after subtracting 
the VEIUO of nil inputs (but making no allowance for interest). 
Residual product of labor is the per-fc^rra residual after sub­
tracting tho value of all inputs nnd fivo per cent of the total in-
vostraent. 
Linos 36 to 39 c.ro the above four itoms oxpreesod as rates per 
unit of input. 
Items in linea 41 to 47 inclusive ere computed in q manner sirai-
l9.r to the corrosponding iteT-s in Tables 45 to 49 inclusive, ''arginal 
residuel to invaatment (line 41) is the within labor, between capital 
strata difference in residual to investment. Marginal investment 
(line 42) is the corresponding within labor, batweon capital strata 
difference (change) in total investment. Average marginal residual 
return to investment (line 46) is tho ratio of theae oxpreaaed as a 
per cent. Mai'ginal residual to labor (line 43) ie the difference in 
the within capital, between labor residual product of labor. Marginal 
labor quantity is the difference in the within capital, between labor 
quantity of labor (line 10). Average marginal residual product of ( 
labor is the ratio of thoso two, that is, the change in the residual 
product of labor per unit change in labor. In all cases the marginal 
quantities are placed in the table in tho column giving the data for 
230 
the oell with tho letrger input. 
Similar ooiq)utations have been made for the three whole capital 
strata and three whole labor strata without regard to strata fortned 
by the olassifioation of the other variable in each case* 
Predicted product 11 (line 49) is the product which could be 
expected from the average quantities of resources used in each oell 
if the relationships in livestock fimotion II held. Marginal product 
of labor II and marginal product of all other than labor II are the 
marginal products of the respective resources predicted from livestock 
function II at the cell average quantities of resources used* 
Group range of labor and group range of all other than labor are 
the ranges of the respective resources within each specified stratum 
(i.e.f the strata limits)* The range of labor and the range of the 
capital intervals are given in lines 80 and 81 for each of the labor 
and capital stratum* 
3* All farm production 
The method of stratification for all Tables 46 to 57 inclusive 
was described in Chapter III* The code identifying colums is similar 
in all oases* In Tables 54 to 57 inclusive the lines in which the 
titles are not self-explanatory are confuted as followst 
Total product (line 4) is the sum of total crop product and total 
livestock product* 
Crop product I is identical to total crop product in crop function 
I and in Tables 46 to 49 inclusive* 
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Livestock product is identical to livestock product in livostock 
function I and in Tables 50 to 53 inclusive. 
Cropland and pasture land are identical to corresponding items in 
crop function I and in Tables 46 to 49 inclusive. 
Total land is the sum of cropland and pasture land (lines 8 and 9). 
Labor on orope, value of land services, value of machine services, 
value of crop services, value of crop labor and value of all crop 
services are identical to the corresponding items in Tables 46 to 49 
inclusive. 
Value of all crop capital services is the sum of land services, 
machine servioes and crop services* This does not include interest on 
investment except for land* 
Feed, livestock input, other livestock input, value of all live­
stock capital services, labor on livestock, value of livestock labor 
and value of all livestock services are identical to the corresponding 
items in Tables 50 to 53 inclusive* Note that this does not include 
interest on investment* 
The investment items in lines 26 to 32 inclusive are identical to 
the corresponding items in Tables 46 to 53 inclusive* 
Total investment is the sum of investment in both crop and live­
stock resouroes. 
Lines 35 to 41 inclusive are per-farm totals for the specified 
items and, as such, include both crop and livestock inputs. 
Lines 43 to 46 inclusive are computed by the same methods as used 
in Tables 46 to 53 inclueiva* 
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Lines 48 to 56 inclusive are the specified factor-factor or factor-
product ratios. 
"Gross residual product of labor, crops" is total crop product 
loss the value of all crop capital services. The residual includes in­
terest on all crop investment except land. 
"Gross residual product of labor, livestock" is total liveetoclc 
product less the value of all livestock capital services. The resi­
dual includes interest on investment in all livestock resources. 
"Gross residual product of labor, all products" is the sum of 
the above two items. 
"Gross residual product of land and labor" is the same as the 
above except the residual includes interest on investment in land 
(i.e., land input). This is the same as total product leas all 
capital services except land. 
"Residual product of labor, all products" is total product less 
the value of all capital services except land and less five per cent 
interest i-eturn on all investment. 
"Residual return on investment, all products" ia total product 
less the value of all services except land. 
Lines 65 to 69 inclusive are the residuals per farm from lines 
50 to 62 inclusive expressed in terms of years of labor. As suchj they 
represent an "average net" to labor of various specified types. 
Average residuul return on inveatmant is the residual return on 
investment (line 63) divided by total investment and expressed as a 
per cent. 
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jv^urginal reeiduul px'oduot of labor is the within capital, botween 
labor strata difference in residual product of labor (lino 62). 
Marginal labor quantity is the within capital, betv/eon labor 
strata difference in quantity of labor. 
Average marginal residual product of labor (line 77) is the 
marginal residual product of labor divided by the inarginul quantity 
of labor. 
Marginal residual return on investment is the within labor, between 
capital strata difference in the residual return on investment. 
Marginal investtaent is the within labor, between capital strata 
difference in investment. 
Average marginal residual return on investment is the marginal 
residual return on investment divided by the marginal investment ex­
pressed as a per cent. 
Similar estimates have been made for the three whole capital and 
three whole labor strata without regard to the strata classification 
in the other variable. 
Appendix D. Function Summaries 
Appendix D is composed of summary tables of specified additional 
data for the various production functions discussed in the text. 
-Table 58. Crop Function I ; Summarjr^  
Montana North South Alabama North South 
Item Iowa Iowa Iowa Iowa 
1950 1950 1950 1950 1939 1939 
Number of farms IU2 IU3 133 llli 115 
Regression coefficient; 
a o22ii2 .9263 ,7116 <,2205 o2723 .3835 
• b -.0067 .0037 -.0005 .OU85 .0171 .0I498 
c .0653 .0796 .0697 .2122 .3598 .0929 
d .3381i .OOiil .1955 .2173 -.0057 .28U8 
e .U69O 0O72I .0668 c3192 .2155 .0930 
Sum of coefficients 1.0901 1.0858 I.0U3I 1.0177 .fi70U .90U0 
Log ^ .9297 1.5733 1.1037 1,2367 2.0892 1.3563 
cA B.50$3 37.U38 25.335 17.2U6 122.79 22.715 
Mean of log: 
I4.209I y 3.9060 3.6387 3.0367 3.it288 3.0838 
Xn 2„8aoi 2.2121 2.0211 l.h37h 2=1379 1.9085 
J.2 2.1973 1.0228 I06237 .9633 1.0606 1.6766 
x-^. i.oUUi .9U83 .9016 .9161 .8655 .6U28 
Xh 3.5221 3.1676 2.9iill 2.32li0 2.7272 2.J4I83 
2.9'^6 2.6552 2.3903 2.3085 2.057h 1.7588 
Geometric mean of: 
T 16183.0 805U.1 ii35l,7 1088cl 268Ii„l 120209 
Xl 77h.6l 162.96 ioh.97 27.38 137.37 81.01 
X2 3lii.28 IO.5I1 li2.05 9.19 11.50 li7=52 
X3 11.068 8.878 7.973 8.2hh 7.337 i|.39U 
3327.6 3J17I0O 873.1, 210.9 533-6 262.1 
X5 913.3li hS2.02 • 2ii5.61t 203.I47 lll(.12 57.39 
t for coefficient of; 
Xl I.9U 15.61 12.91 3.26 1.22 2.20 
.37 .3h • 03 .06 1.05 1.50 
.95 1.69 1,11 2.79 1.70 .53 
h 3.18 c32 3.87 3.30 .10 U.35 
X5 li.59 1=93 2.hh i}.72 1J.1I3 2.62 

Sum of coefficients 1.0901 1.0858 1.0U31 1.0177 .870U .90h0 
log ^  
Mean of log: 
Y 
XT 
X? 
X-". 
XI, 
Geometric mean of: 
I 
Xl 
X2 
xu 
X5 
t for coefficient of; 
Xl 
X2 
X3 
R 
.9297 
8.5053 
1.5733 
37.U38 
1.U037 
25.335 
1.2367 
17.2U6 
2.0892 
122.79 
1.3563 
22.715 
U.2091 3.9060 3.6387 3.0367 3.U288 3.0838 
208891 2.2121 2.0211 l.u37U 2cl379 1.9065 
2.I1973 1.0228 I06237 O9633 1.0606 1.6768 
l.oUUi .9ii83 .9016 .9161 .8655 .6ii28 
3.5221 3.1676 2.9UII 2.32l;0 2.7272 2.]4l83 
2.9'--06 2.6552 2.3903 2.3085 2.057U 1.7588 
16183.0 805U.1 1x351.7 IO880I 268Uol 120209 
77li.6l 162.96 IOU.97 27.38 137.."^7 81.01 
3lli.28 10.5U U2.05 9.19 11.50 li7 = 52 
11.068 8.878 7.973 8.21, It 7.337 ij.39U 
3327.6 lii71=0 873.1 210.9 • 533-6 262.1 
913.3h U52.02 2li5.611 203.it7 IIU.12 57.39 
1.9U 15.61 12.91 3.26 1.22 2.20 
.37 .3h .03 .96 1.05 1.80 
.95 1.69 1.11 2.79 1.70 .53 
3.18 = 32 3.87 3.30 .10 U.35 
U.59 1»93 2.hh ii.72 li.1,3 2.62 
. 750120 .830)i72 .82U705 .713968 .861327 .759606 
.866095 .911302 .908133 .8Jih966 .928077 .87155U 
^ The derived functions are of the form.: 
Y = x| X2 X3 X^ Xc 
where; Y = product ($), Xi r cropland (acres), X^ = pasture land (acres), X^ = labor (-nonths) 
Xj^  r machine services ($) and X^  = crop services (S). Units of measurement are 
indicated in brackets. 

Table 5S Crop Function II : Sujumary^ 
Montana North South Alabama 
Itera Iowa Iowa 
1950 1950 1950 1950 
Number of farrns 151 lii2 lli3 131 
Regression coefficient: 
a .$032 .9121 n805l .38U7 
b .039U .0756 .0288 .3192 
c .580U .I6)i7 .2856 .U627 
Suin of coefficients 1.1230 1.1527 1.1196 1.1666 
Log kK .59U9 1.2731 1.0779 0-^789 
o( 3.935 18.755 11.96ii 9.527. 
Mean of log: 
Y ii.l999 3.8833 3=5833 3.0065 
^"•1 2.8891 2.1870 1.9896 lo3233 
X2 1.0J4iil .9li83 .9016 C9255 
3.6355 3.2985 3.0720 2.6ii35 
Geometric mean of: 
Y 158U.6 76UIi,0 3831.1 1015.0 
Xi 77ii.6l 153.82 97.635 21.052 
11.068 8.878 7c973 8.1i23 
^'3 li320.Ii 1988.0 1180,6 UI4O.I 
t for coefficient of: 
V 5.29 13»20 12.58 3.78 
X2 .55 1.55 .^3 U.82 
li.75 2.39 U.82 5.ii5 
.725U65 .826055 .82397^ .717852 
R .85l7lt2 .908876 o907?31 .8I1726I 
F 3.35 7.85 3.81; 6.20 
The derived functions are of the form: 
a b c 
Y = X2 X3 • 
where: Y = product ($), X-, - cropland not pasture (acres), 1.^ - labor (rnonths) and 
X^ r rfiachine-crop services ($). Units of nicasureinent are indicated in brackets. 
Table 60=, Crop inunction HI; Suimaary^ 
Item 
iicntana itorth South 
19^0 Iowa lova 
ly^O 1950 
AlabaiPia 
19^0 
I'Jo rth 
Iowa 
1939 
South 
Iowa 
1939 
Nu.Tiber of larys 
Regression coefficient 
a 
Log 
o6 
1,065960 1.130753 . 1.11^597 .978530 .93U658 o95l550 
-.030U66 -o3U7721 -.hhh9oh -o'36 8 332 o3U7i;81i .2U3U52 
.932?50 .ha9030 .358950 .851jU10 • 2.2258 1.7517 
i-iean oi" log; 
y 
X 
Ii.2C^68l 3 o 906017 3.6386:. 9 3 o 02915? 3=li2S79U 3.033826 
3.97a959 3.761263 3.570850 3.165U51 3.256725 2.98U997 
Geometric r.iean oi": 
y 
X 
ilargihal pix)duct at the; 
Georaetric mean 
Arithmetic nean 
Average product at the: 
Geometric mean 
Aritimetic mean 
(also r2) 
R (also r) 
16095o 
9Uu0, 
8051; 
i7-
U352. 
3723c 
1069. 2631i<. 1213c 
llioU- 1930 . 966. 
1.817U39 1.575S5U 1.336038 .7114952 1.266839 lol9a757 
1.9573uS 1.7020i'5 1=36U125 ^701690 lol8865U 1.1111-59 
I.70U500 1.393667 l.l6r9U9 
1.836699 1.505232 1.192720 
c6295U9 .708121 .62-97 3o 
.793lil;l 08I.IU99 .799835 
.730191 1o3555''55 1.2556 93 
c7171a3 1.2a.5lO lol679c9 
• 598392 .7'-7370 .777l6u 
.773558 .8S7339 ,851569 
.969776 1;o5U6729 3.9U7578 .0-93966 2.0274u3 1,026039 
Uim 01 squares 
deviations for 
X 
• c 
19.11;7377 5.328008 10.8,^y05ii lU-917931 3,2.V>553 8o5l6l22 
iG,60353u 3.2276yl 5o26332 y.322Bju 7.^32068 7.567061 
Table 61. Livestock Function I ; Suminaiy® 
Montana North South Alabama North South 
Item Iowa Iowa Iowa Iowa 
1950 1950 1950 1950 1939 1939 
Number of farms 111 HiO ll;3 13U llli 115 
Regression coefficient; 
a .26ao .lil36 .37lil .302li .1235 .19^45 
b .0873 .0660 .1155 .2300 .om7 -.0350 
c .ssiu oUi73 .5029 .3697 ,6756 .6910 
d .07ijl .0316 .0578 .0li58 .0865 .1513 
Sum of coefficients; .9928 .9585 1.0503 .9h79 .9003 1.0017 
Logot .7853 .7791 .6366 1.1508 .7865 .1(512 
6.100 6.013 U.331 114.153 6.117 2.826 
Mean of log; 
Y 3.7288 li.0222 3.81;06 2.8878 3.1i9bl 3.3007 
^1 3.P195 3.7lli9 3.5U93 2.5003 3.0195 2o8U61 
.7826 .8399 .8230 .U32li 1.0ii72 1.0265 
X3 3.2960 3.5073 3.268U 2,1985 3.1307 2.9U16 
2.0896 2..^W 2,378ii l.li958 2.359h 1.9766 
Geometric mean of: 
Y 5355.0 1052li.0 6928.5 772.-=. 3119.8 1999.0 
^1 1658.0 5187.0 351i3.0 316.U 10U6.0 701.6 
X2 60O62 6.916 6.653 2.707 ll.lliS 10.630 
^3 1977.0 3216.0 1855.2 157.9 1351.0 8714.1 
122.9 ii06.ii 239.0 31.3 228.7 95.2 
t for coefficient of: 
Xl 5.02 8.18 9.05 6.02 L.25 6.00 
X2 1.36 1.5U 2.58 3.U8 .li8 .88 
X3 13.37 13.66 15. Ul 3.U7 18.50 16. hU 
1.73 .73 1.67 1.30 2.25 3.97 
R^ .922236 .903881 .905006 .83ii656 .90932$ ,917069 
R 0960331 .950726 .951319 .913595 .953585 .957637 

d 
b 
c 
d 
.0873 
.567U 
.07i;l 
.0660 
olUi73 
.0316 
.1155 
.5029 
.0578 
.2300 
«3697 
.0li58 
.01b7 
.6756 
.0865 
-.0350 
.6910 
.1513 
Sum of coefficients; .9928 .9585 1.0503 .9U79 • .9003 1.0017 
LogoC 
cx 
.7853 
6.100 
.7791 
6.013 
.6366 
h.331 
1.1508 
lii.153 
.7865 
6.117 
.It5l2 
2.826 
Mean of log: 
Y 
% 
3.7288 
3.?195 
.7826 
3.2960 
2.0896 
U.0222 
3.71h9 
.8399 
3.5073 
2.6090 
3.8U06 
3.5U93 
.8230 
3.268h 
2.3781; 
2,8878 
2.5003 
.U32U 
2,1985 
l.ii958 
3.U9hl 
3.0195 
1.0h72 
3.1307 
2.359ii 
3.3007 
2„8ii6l 
1.0265 
2.9U16 
1.9786 
Geometric mean of: 
Y 
TT 
'-1 
X2 
xu 
5355.0 
1658.0 
5o062 
1977.0 
122.9 
IO52U.O 
5187.0 
6.916 
3216.0 
ii06.U 
692805 
35U3.0 
6.653 
1855.2 
239.0 
772.3 
316. u 
2.707 
I57o9 
31.3 
• 3119.8 
10ij6.0 
ll.HiS 
1351.0 
228.7 
1999.0 
701.6 
10.630 
87U.I 
95.2 
t for coefficient of; 
Xl 
X2 
^3 
5.02 
1.36 
13.37 
1.73 
8.18 
1.5U 
13.66 
.73 
9.05 
2.58 
15.ill 
1.67 
6.02 
3.1t8 
8.U7 
1.30 
ii.25 
.U8 
18.50 
2.25 
6.00 
.88 
I6.I4U 
3.97 
R 
.922236 
0960331 
.903881 
.950726 
.905006 
.951319 
.83U656 
.913595 
.909325 
.953585 
0917069 
0957637 
g 
The derived fimctions are of the form: 
a b e d  
T z ^2 Xo Xi 
where: Y = product iS), X]^ = feed ($), X2 = labor (months) XT r livestock input (S) 
and z other input ($). Units of neasure^rient are indicated in brackets. 

g 
Table 62 . Livestock Function II ; Summary 
Montana 
1950 
North 
Iowa 
1950 
South 
lov/a 
1950 
Alabama 
1950 
Number of farms 
Regression coefficient: 
a 
b 
111 
.0839 
.9370 
lltO 
.0769 
.9067 
lb3 
0II66 
.9820 
13U 
.233U 
= 71)31 
Sum of coefficients 1.0209 .9836 1.0986 .9765 
Log oC , 
oc • 
.2763 
1.8893 
.3593 
2.2873 
.0571 
l.lilOi; 
.7370" 
5.ii570 
nf2an of log: 
Y 
X2 
3.7288 
.7819 
3.6lii5 
h.0222 
08399 
3.9685 
3.8)406 
.8230 
3.7552 
208878 
oh32h 
2.7585 
Geometric mean of: 
y 
Xi 
^2 
5355.0 
60 052 
U116.0 
IO52U.O 
6.916 
97380O 
6928.^ 
6.653 
5691.0 
772.3 
2.707 
57lt.O 
t for coefficient of: 
1.53 
22oit8 
1.89 
27o76 
2.37 
28.32 
3.63 
17.18 
R 
0925622 
0962196 
.895791 
.9U6U62 
o880li71 
.93833U 
.833105 
.912910 
F .35 ,21 ii.3U .22 
^The derived functions are of the form: 
a b 
I z X2 
where: Y - product r labor (rionths) and X2 z all other in­
put Units of measurement are indicated in bracketSo 
Table 63. Livestock Fuiiction III: . Suirunary^ 
I ten 
i-iontana 
1950 
North 
I owa 
1950 
South 
Iov;a 
1950 
Alabaria 
1950 
i'iorth 
Iowa 
1939 
South 
Iowa 
1939 
Number of far;is 
Regression coefricient 
a 
1.O051S1 1.016251 1.1675(5-2 1.01^526 .931503 lo230931 
Log 
oC 
-o350068 
.Ijli.6620 -=.081063 .£29730 -o635U53 0206320 -.IO92IU c777650 -.013565 .969250 -.91u567 cl217ii0 
hean oi" leg: 
y 
X 
3o728767 
3o75S668 
U.022167 
u. 037)496 
3.8UO713 
3o67553U 
20878008 
2o9UiiU5l 
3oU9U135 
3.573805 
3.30071:3 
3oU2liU89 
Geometric nean of: 
y 
X 
5355 
5737 
IO52U 
10902 
6930 
7506 
755 
380 
3120 
37U8 
1999 
2658 
riarginal Product at the: 
Gconetric mean 
Arithnetic ip.ean 
1.0129S1 
1.19328U 
,96lOul+ 
o99U3/0 
lo077680 
I.252I02 
.370602 
.89C126 
0 869657 
0856338 
o925792 
1.1763U3 
Average pr-ocTiict at the: 
Goo me trie .T.ean 
Arithmetic nean 
.933U15 
1.099618 
.965327 
.973ui;0 
,922352 
1.072165 
oB5795U 
.885333 
.566072 
0872510 
.752069 
.955600 
R^ (also r^) 
R (also r) 
.905u99 
o951577 
08 98 338 
. o9U7807 
.8825^6 
.939U39 
.815266 
.902921 
o786730 
.886976 
.767399 
,376013 
i;' 
X 6.793936 0313022 21.905111; ,118U9U .11:6720 13O126238 
Suiii cf squared 
deviations for: 
y 32.1273U7 15.811008 16.179356 2U.055372 8=315^37 10.379711 
X 2uo703u75 13o752lGl 10aa6oG92 19.0>3962 6o790907 5<'257C'll 
s> 
Table 64^ Aggregate Fxmction I : PuTimary 
Montana North South Alabaraa North South 
Iowa Iowa Iowa Iowa 
1950 1950 1950 1950 1939 1939 
Number of farms 151 IU2 lii3 I3U llli 115 
Regression coefficient: 
a .6219 .7U2U 1.0205 1.0109 .6U81 1.0893 
b .2510 ,3250 .1867 .lh27 .3822 .1286 
Sum of coefficients .8729 1.067li 1.2072 1.1536 1.0303 1.2179 
Log p< 1.0187 .U138 -.1^582 
-.3395 .5339 -.5990 
CK lOjUli 2o779 .U577 3.iil9 .2518 
Mean of log; 
I iic3532 h.2B29 li.0727 3.3190 3olB23 3.5286 
^1 h.0772 U.I769 ii»03l5 3.3903 3.7052 3.5331 3.I83I: 2.270U 2„2323 1.620h 2.2167 2.1708 
Geometric mean of: 
T 19151 11621 205h 6057 3373 
^1 ll?iip 15030 10753 5072 
^2 1525.6 186.Ij 170.7 Ul.7 l6h.7 li8.2 
to for coefficient of 
^1 6.97 20,59 19 067 20.17 lli.Oli 13.06 
3.20 6.50 3.85 2,57 8.82 1.93 
.6826^2 .8951U6 .830393 .81i7668 .887120 »751938 
R .826227 .9U612I =911259 .920688 09I.1I870 .8671bli 
F 6.68 3»33 18.56 10.21 .75 10.73 
a 
The derived fu-ictions are of the form; 
a b 
I :<KXj_ X2 
where: Y r product (3), r labor-capital (:?) and X2 ; total land (acres). Units of 
measurement are indicated in brackets« 
Table 6& gff:re,?;ate PolynoTiial Functions: bmrnary^ 
Montana North South sbsjTis North oouth 
Item lov.'a Iowa X 0"W cl lova 
1^50 1>'50 1950 1^50 1939 193? 
I'iumber of farms 151 T • i-ic 1U3 131 llU 115 
Rei-ression coefficients Cubic i'.odel 
b 2oU22131 „7321Q1 iolx-l o2l;3920 1,139151 .822955 
c j?3r37 e0133f'a ;i553i ,133682 -,013?: 25 oOU':97 
c -.0)0117 )j02JD -.005171 .0002;)!. -^001355 
Constant a 
-3,21251 3.03551 .593230 -c00125& -.lpl293 
•lean of variable: 
V 3'3.0L55 22.522? i:i.lh7u 2„82R78 7,05966 U,09667 
X l>'o3626 20,0^lU 13,If 05 3olL7li2 6083800 Uo2ii970 
X2 722,9U7 570ol% 231.^82 15.1826 68.6112 2l4cU207 
x3 U71260 21:71^ oh 5715.8i4 10^<,679 1073oU2 1^>,523 
t- for coefficient of: 
X 7.07 5oie 5.P0 1,16 5,2: 1,^1 
X? 3«75 3»23 1.33 3.51 C I 0 4-i C ^ 0 ^  
x3 - 0:; 0 > 3.7u l.h2 2 a 76 / 1 
.^'hr .-''^53^/ .,oL;7^ / /''^1 
/;3P?^ .96253? .952625 ,9li2^U ..'3'l3" 
Quodr ?tic rlocel 
' os• jr „oeff I ciI-iti 
i,:'5"39f 1=217037 1.172-5) o7-:27',5 l.0i''J3' l.;> L;,27: 
c 0 00 33^7 -.'301'; 31 .0'X)772 ,0307^5 -.003^^3 c 'X'. 
Constant p ^51:230 
-.7711^3 -1.L5'^'03 -.0';0?21 -..^-''23:^ 
% for coeiTic.'.-^r.t gI: 
A 7.''1 21„23 1"„:'7 7, >3 • 16,3^ l.o7 
X2 2.70 O J J 3./a l.:i. i~:>2 
R2 ,7V6l6l =952108 ,>031/2 »90207'- .^^8577 .e77u3ii 
E ,e^213^ o975760 0 950361 0 91(97 7 8 o9l.2^hl: ./3f71u 
I.i;ie£r .-.o-.-.d 
Regreti.ion coefficient: 
h i.??i;U7 1«07?500 1.2'-O// 1,11/091 0/IO7IO - 1 J 

Herrression coefficients Cubic i'.odel 
b 2oU22131 V732101 iol-c"l <.2li3920 lo139151 .522955 
c -.033r37 <=0133''>U -. -15631 0 133682 -0013625 .OU^:97 
c O;'':c22ii -.0)0117 f. :;0'"2J0 -.005171 .0002'.)L -.o:.l3S5 
Constant a 
-3,21251 3»03551 -3.36661 .5^^3230 -000125" -.lpl293 
>'.fc5n of variable: V 30.0L55 22o22e i:i,lU7;4 2„B2fi78 7O05966 U009667 
X iyo3626 20 Mlh 13.If05 3.1h.yli2 6063^^00 U,2L970 
X2 722,91i7 576 „1% 231M2 15.1626 68.6112 2l=U207 
X3 U7126=3 2i;71:^oii 5715 >6i4 10"^ ,679 1073oU2 i^yo523 
T. for coefficieat of: 
X 7.07 5 = 18 5.P0 I0I6 r 0-'' 1.^1 
X? 3o75 3O23 1.33 3o5l C ' 0 •- o5^. 
X3 3o85 3.7u I.U2 2O76 .61 .U, 
. 2 
.7 ^';h7^ J .,01,376 .? T.'l.ty6 
.•';3?7^ .962532 » J ^ .952625 ..3'"-3' 
QUr.d rftic i-.ocel 
" ^s'. jr joeff I cie iti 
L/ lo217037 i.i72.:5) O7627',5 1.0i^J3' I.:,L:,276 
c .0033^7 -.";Jiy3l: ,0Xfil2 .030765 -.003^63 0 jj-Ojii/ 
Constant ? ^51:230 ".77UP3 -l.uy:03 -.0:;0?2l -. 1^.1.''235 
t for cieiTiciv-r.t of; 
7.'^1 21,23 1 .''7 7.y3 • 16 o3^. I.JI 
X2 • 2 2.70 "J 1 'J 3.^4 l.-L 1-02 
R2 
.776161 0952108 031^2 090207S 06H8577 0 c /'7u3U 
E 0 975760 oy5036i. o?h977c ,9^261^/: .,'367lU 
Linear 
P^egreti^ior; coefficient: 
b 1.3725JO 1 = 2 ./3?7 lo J ly''J9l 0/10710 ^.1x569 
Constant a 5O130733 1=006923 ~1.7l;256i; -c6y570U ,63121:9 -.50>791 
P.2 (also r2) 
.7750^3 ,9U9600 .9-^30Ph ,P90he7 .5?6?25 ,''7'^29a 
E (?lso r) orp2oyo ,..-7ia;7U 0950307 0 913-^56 .9U7ir. 0 O''!! '' 
The derived functions pre of the form.; 
Cubic model: Y »= o > bX + cX2 4 <ilO 
Quadratic model: 1 - a + bX - cX? 
Linear model: Y - a bX 
/.here: Y-product and X - ajigregate input, Both are meafured in collerso 

Table 660 Simple Correlation Coefficients 
and uijms of Squares of Variable Jsed in 
Crop Function 
Simple correlation Montana IJ orth oouth Alabama North South 
coefficient between Iowa Iowa Iowa Iowa 
the variables J 1950 1950 1950 1950 1939 1939 
IXlb .905629 .P°27v3 .5522U3 ,908903 .^177Ul 
1X2 .ili^oiil 0O5729I ,016196 .1L;2316 ,12931^ .l''92l,2 
YX3 .5770liO Ji5727ii ,671365 ,>09767 .6li;331 
ixi, .1(5306 ,2]3120 .729320 .690962 o72uOOii ,765002 
1x5 .636579 .6?26i|2 ,62735a o77723a ,661660 .660068 
X1X2 =0-2976 ,065853 .n?5i36 .12281J9 .076956 ,061067 
XiX3 = 55'''322 =320617 oi!l0303 .3315114 ,982137 o>56681. 
XlXii .7^6859 .220192 ,'-6eolt .5361:17 ,820676 ,715733 
X1X5 .69i;263 ,690855 ,56^561 ,U2657U 0655827 o67liOr'9 
X2X3 0252653 .113356 .Of226> -,119266 .157075 ,167256 
X2XU ,2^jS32h ,orai52 ,005650 ,225708 .12U56^ ,137736 
X2X5 0100011 -0033977 .055657 »02709a ,at2ai7 
X3X1, .6ii!2l6 =111169 ,1^92126 ,i. 56,005 ,600163 .726901 
X3X5 ,571:280 o2li5Bh7. 050750 ,76O16L; o 614.271U .6561^1 
^1X5 .773P53 .iue355 ,6909^2 .^3633? .5yliOi:l 
Sum of squared 
deviations for:^ 
Y 19 0 2). 03 5.6220 10,6^; y liio55ii9 6,2)i56 ^,6161 
Xl 15 = :iP66 uao75 y 9 ' I -• 10,2770 ^,6611 6092467 
y.2 122.291'^ 65o207li U:.7a09 3Ji.936l 5O,670'> 25.3930 
h 12.60k9 
-! 4g<l, b,^109 lho3P-3S ^,503: 
xa IO.3P72 li^o2133 11.6165 I5o5l407 10,«71'i 10,21>3 
^5 16.7825 1307109 30,6130 21„9361 17c63ao 29.^313 
a The correlation coerficientb are the ^correlations between the logarith'TiC cf the cri.^infl 
variables indicatedo xh^- •.".riablcs are: Y = product {P^-), Xi cropland (acres), X2 
pasture land {teres), at r .  ^.a^or (niontiis), Xiv =; machine sei-/ice (4) Si'.d X5 -- crcp ser­
vices (•ip)o Units or r;e£:^.;rertient ere indicated in craci-retSo 
b Interpret as subscripts of the simple correlation coefficient r (i.e.. ry^lj etc-,) 
c . Sum of squares cf the deviations of the lo~rrithr"iS of the original variables incicitea^ 
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Table 67. Simple Correlation Coefficients 
and Suns of Squares of the Variables Used in Crop 
Function II® 
Simple correlation Montana North South Alabana 
coefficient bet'.jeen lov/a lovra 
the variables: 1950 1950 1950 1950 
YXp 
YX3 
.S19S30 
.56S209 
.819517 
.902077 
.351896 
.774055 
.888718 
.780624 
.75262s 
.672816 
.775685 
X1X2 
X1X2 
.588323 
.853672 
.314965 
.793073 
.434282 
.738670 
.576600 
.755663 
X2X3 .656457 .352606 • .498350 .556110 
Sum of squared 
deviations for:*^ 
Y 
Xl 
'4 • 
i9.7263 
. 15.0862 
12.60/+8 
10.4859 
6.0607 
4.3290 
3.6964 
4.4859 
12.8311 
9.2687 
4.8109 
11.1559 
16.8342 
9.1819 
13.4395 
12.7333 
a Tlie correlation cocfficientE are the correlations between the 
logaritbjns of t-ie original variables indicated. The variables 
are; Y ^  product („0, a^= cropland not iTasture (acres), X2-
labor (months) and = inachine-crop services ($). Units of 
neasurenent are indicated in brackets. 
b Interpret as subscripts of the simple correlation coefficient r 
(i.e. etc.). 
c Sura of squares of th.o deviations of the logaritlims of the original 
variables indicated. 
Table 68, Simple Correlation Coefficients and 
Sums of Squares of Variables Used in Livestock Function 1^ 
binsple correlation 
coefficient between 
the variables: 
Montana 
1950 
North 
Iowa 
1950 
bouth. 
Iowa 
1950 
Alabama 
1950 
l\'orth 
Iowa 
1?39 
South 
Iowa 
1939 
YXi^ 
1X2 
1X3 
YX], 
0869816 
,761302 
.936^89 
C7218U1 
.876793 
»556515 
,699023 
.6U0906 
0 81;8107 
0U42U9O 
,895822 
0615799 
0827375 
.652777 
.8U3517 
=5514529 
.Va3h2h 
,273091 
,9iil669 
o55l3i40 
,772663 
0010136 
.932SGk 
,690U0i4 
X1X2 
X1X3 
-1-^U 
.752056 
„80358ii 
0701063 
.6071:20 
.751306 
=696773 
.1+2563^ 
,698y>'6 
,'19136 
,560163 
0718610 
,61;; 238 
,2729hl 
0685996 • 
=u22336 
,021071 
=682357 
.5l62it[i 
X2X3 
X2Xi, 
X3Xi, 
o70?1J36 
.752581 
065677I4 
.ii327l;6 
o5ij6626 
.539789 
.335275 
.233508 
.5656U5 
.h790l9 
ohOB911 
,2ii8711 
.228261 
,5114714^4 
,0552014 
0 0 ^ 
oO£^^l5-i-
Sum of squared 
deviations for:^ 
Y 
Xl 
X2 • 
X3 
xa 
3201273 
3I0I236 
1706321 
39.9U03 
, 3303276 
15=8090 
15.h710 
10o2712 
2)4 <,2126 
12.3653 
16,1805 
I6,c70i. 
608360 
21,207)-! 
15,;'76l 
25,7560 
36.913$ 
13,3539 
l;0,0li6ii 
145 = 9029 
8.3I5I4 
15,9803 
6c2?v8 
11,1160 
6,5163 
10.3797 
114,3506' 
i4o96y8 
10,3295 
9o09bi; 
a The correl-jticn coeffici f nt o, are the correlation^ between the logarithms of tne ori^-insl 
variables indlcsted,, The vrriables are; 1= product {^), -^-1= feed X2= labor 
(months), a3= Ijvestoci-' input (4) and XI; = other input {i ). Units of pieasurenient are 
indicated in brockets, 
b Interpret as subscripts of the simple correlation coefficient r (i.e, ryxj^t etc.,)" 
c bum of squares of the deviations of the lograithjns of the original Variables indicatedo 
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Table 69 Simple Correlation Coefficients and bums 
of Squares of Variables Used in Livestock Function IJa 
Simple correlation 
coefficient between 
the variables: 
Montana 
1950 
North 
Iowa 
1950 
South 
Iowa 
1950 
Alabana 
1950 
YXlb 
yx2 
„ 760660 
.961365 
0 556147 8 
.9I45029 
ol.Ii2[|90 
o-3577lt 
0676777 
.903706 
XlX2 o76iiU0U 0 5142568 =U05lB7 ,636806 
Sum of squared 
deviations for;"^ 
y 
Xl 
X2 
32ol273 
1705513 
30O565H 
1508110 
10,2712 
l5o9752 
i6aao5 
;'6C8360 
13olhkl 
2507560 
13o3539 
2^.5781 
a The correlation coefficients are the correlations between the 
logarithms of t'lc orif^inal variables indicated,, The variables 
are: y= product (5)^ Xl's:. labor (months) and X2:= all other 
inputs (i^) 0 Units of measurement are indicated in bracketSo 
b laterpret as subscripts of the simple correlation coefficient 
r (i.e., ryx]_, etc.) • 
c Sum of squares of the deviations of the logarithms of the orig­
inal variables indiePtedo 
•feble 70. Simple Correlation Coefficients 
and Sums of Sauares of Variables used in 
Aggregate Function I.*" 
Simple correlation 
coefficient between 
tlie variables: 
Montana 
1950 
North 
lovs. 
1950 
South 
loira 
1950 
Alabama 
1950 
North 
lov/a 
1939 
South 
loija 
1939 
^2 
.812796 
.7604.99 
.929112 
.758521 
.901342 
.6C'1577 
.916517 
.612071 
.898890 
.828683 
0862394 
.611763 
X1X2 .83529A . 67AAT7 .542464 .590750 .697737 .627551 
Sun of squared 
deviations for:*^ 
Y 
^1 
X2 
18.3074 
16.3326 
21.1644. 
S.124.7 
8.6478 
4.4999 
9.2830 
6.3103 
6.9608 
14.3909 
10.2328 
8.3212 
6.3093 
5.8667 
6.6597 
9.8104 
5.1518 
8.0348 
a, The correlation coefficients are the correlations bet\reen the logarithns of the original 
variables indicated. The variacles are: Y = ]3roduct ($), s labor-capital (g) and 
J.2 s all land (acres). Units of neasurenent are indicated in braclcets. 
b Interpret as subscripts of the sinple correlation coefficient r (i.e. rjoc^, etc.). 
c Sun of squares of the deviations of the logaritlms of the original variables indicated. 
Table 71:. Simple Correlation Coefficients and bums of 
Squares of Variables Used in the Aggregate Polynomial Functions^ 
Simple correlation 
coefficient between 
the variables: 
Montana 
1550 
North 
• Iowa 
1950 
S outh 
Iowa 
1950 
North 
Iowa 
1939 
bouth 
Iowa 
1939 
Alabama 
• 1950 
YXb 
1X2 
YX3 
.8^2090 
,831538 
o77yi95 
c?7hhlh 
.892677 
,771716 
.950307 
,890302 
,786932 
.9iil71ii 
.866383 
.755537 
,936106 
,907025 
,&35861 
,9U3656 
.92U67O 
,8i;127U 
XX2 
XX3 
.939275 
o86.U3li3 
,93ii371 
.825702 
.936857 
,8l8ll;2 
,935686 
.821:936 
.95867a 
,876856 
,91^1398 
,839223 
X2X3 ,981826 ,970271 .96U776 ,968115 .975987 ,96971a 
Sum of squared 
deviations for:^ 
Y 
X 
X2 
^3 
0III33I• 
, 05 36 
5h0M3 
5916581 
,030226 
,02li953 
159,56ii 
1096105 
o013ii3i: 
oOW6335 
19.9197 
507ii3,6 
,002331 
,002U92 
2ol7ii82 
2072,39 
.001113 
,ODC731 
,1U6266 
26,i:355 
,000992 
,000705 
,l:J66ia 
I6,y035 • 
a Simple correlations between the v&riables inuicstedo The variables are 1 =. prcuucL (^) 
and X- aggregate input (v)o 
b Interpret as subscripts of the siniple correlation coefficient, r (i^e., r^-Xj e t c . . ) '  
c.- Sam of squares of the deviations of the variables inaic:-led, Kultiply recordea ojir.s of 
squares by lO^a The result is the s'am of squares of deviations in thousands of collars^ 
